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SCIENCE PROGRESS 

RECENT ADVANCES IN SCIENCE 

WBE MATHEMATICS. By R Puryer White. M.A., St. John’s 
College, Cambridge. 

Analysis. —^Thc various methods of summation of divergent 
series can be brought under the following general scheme. 
By means of a definite matrix we effect a linear transformation 
on the partial sums s„. If the matrix is such that (i) from 
any convergent sequence we get to a sequence s't, which also 
converges and to the same limit; and (2) at least one non- 
convergent sequence is changed into a convergent sequence, 
then on it can be built a summation method. (1) is Hardy's 
condition of consistency. The aggregate of series for which 
si is convergent is called the field 01 convergence. A sum¬ 
mation method is only useful, however, if we can add and 
subtract summable series term by term, multiply by a constant, 
or make a finite number of changes in the series, take away a 
finite number of terms, or add or change a finite number with 
the same effect as for convergent series. Call this condition (a). 
It will increase the usefulness if (b) we can multiply senes. 
The Ces&ro method leads to easy analysis, satisfies (a) and 
essentially (b), but has only a relatively restricted field, e.g. it 
will only sum power series on the edge of the circle of con¬ 
vergence. The Borel method has a large field—it will sum 
Zs" in R(e)<i, and any power series within a polygon which 
includes the circle of convergence—but the analysis is difficult 
and it does not satisfy condition (a) entirely, vie., if o# + a, + ... 
has sum 5, it does not follow that Oj + c, + . . . has sum s — a,, 
^he foregoing account is taken from the introduction to a 
paper by K. Knopp {Math. Zs., 16 , 1922, 326-53), who investi- 

f ates Euler’s method and includes it in the general theory, 
f the original series be written . .. then Euler’s 

transformed series is where 

•“ A‘-*A, — A*-*i,+1. 

Ames in 1901 showed thkt the condition of consistency (i) is 
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satisfied. Further, the transformed series of the power series 

converges for |a+1 1 <2, and the series 1' — 2** + 3'—4* 4 -.. 
where * is a positive integer, transforms into a finite series 

2 P+^ — l 

o{p + i terms whose sum is ^ — 8,+,. Knopp determines 

the matrix of Euler's transformation, and shows that con¬ 
dition (a) is satisfied. By repetition of Euler’s process he 
obtains a summation method (Ep), which is essentially the 
same as Borel’s method, a power series being summable (Ep) 
within the Borel polygon. Also for any inner point of the 
polygon the pth transform is absolutely convergent if p is 
suitably taken. He then defines summation (E,) for any 
order p, real or complex, and determines the matrix of the 
transformation. Finally, he gives examples of series which 
are summable (Ci), i.e. by Ceskro’s method, and not sum¬ 
mable (B^). 

A. Loewy {Math. Zs., 16,1922,261-73) proves by elementary 
methods two reciprocity theorems concerning the simultaneous 
reduction of each of two irreducible equations by the addition 
of roots of the other; theorems which were deduced in 1906 
by Landsberg by means of the Galois group. They lead to 
new results on irreducible equations with real coefficients 
with roots expressible by real radicals. Holder has shown 
that an algebraic equation with only real roots irreducible 
in a real field of rationality can be solved entirely by re^ 
radicals only if its degree is a power of 2. This result is 
extended to irreducible equations with real coefficients of 
degree 2**?, where P is odd. The existence of any single 
root expressible by real radicals implies the existence of 
at least P — i imaginary roots of the equation, and thus 
an irreducible equation with real coefficients of any odd 
degree P can never have more than one root expressible 
by real radicals, and this is then the only real root. If 
the degree is 2 P, the number of roots expressible by real 
radicals is at most s'*; if it is precisely this, then there are no 
other real roots, but if it is v<2>^, there are necessarily i»(P — i) 
imaginary roots, and there may be other real roots not so 
expressible. 

In 1913 L. W. Jensen stated without proof two theoreins 
concerning the zeros of the derivatives of algebraic polynomials 
with real coefficients, or of real integral functions of class zero 
or one. If /(«) is the function in question, then the theorems 
are~ 

(i) Every root of f'{z) -0 lies within one of the circles 
described on the line joining a pair of conjugate imaginary 
roots of /(«) - 0 as diameter; the same is also true for the rooli 
of Bf{g) +/'(*) - 0, where S is any real number. 
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(2) If + <*!* + • • . + a****-o has only real roots, then 
every imaginary root of F(j8 ) — «(/(«) + <*»/'(*) + ... + ^ 0 

lies within one of the ellipses described with the join of a pair 
of conjugate imaginary roots of /(e) - o as minor axis, and 
with the major axis Vife times as long. 

The first theorem has been proved by J. L. Walsh (Ann. of 
Math,, 82 , 1920, 128-44) as far as algebraic equations are 
concerned. 

J. V. Sz. Nagy (Jahresber. D. Math. Ver., 81 , 1922, 238-51) 
proves both of Jensen’s theorems, and shows that they are also 
true if f(z) is replaced by the function «•**»***•*•** /(e), where 
7 and 8 are real numbers. Jensen’s first theorem thus holds 
also for the roots of the equation (—7*2+ 8)/(«)+/'(«)=• o. 
Nagy generalises these theorems further. 

The idea of the class (genre) of an integral function was 
introduced by Laguerre, who enunciated the proposition that 
the derivative of an integral function /(«) of class p with 
only a finite number 2q of complex zeros has, besides the 
real zeros given by Rolle’s theorem, only 2q p other 
zeros, real or complex, and that, further, the class of 
f*(e) is p. This was first proved by Borel (Lepons sur les 
fonctions entUres, cap. 2) by the consideration of a sequence 
of functions having for limit the integral function. 
G. Valiron (Bull. d. Sciences Math., 46 , 1922, 432-45) gives 
another proof, using the upper limit of the modulus of the 
logarithmic derivative and a theorem due to Jensen con¬ 
necting the number of zeros and the number of poles of a 
meromorphic function within an annulus. He further shows 
that the class of a function of integral order cannot exceed 
the class of the function. 

Hinwitz in 1889 proved that the Bessel function J-.,(e) 

( as exactly 2 [v] complex zeros, where [v] is the greatest 
|teger in v and, according as [k] is even or odd, none or 
Rro are purely imaginary (cf. Watson: Bessel Functions, 
p. 483). £. Hilb (Math. Zs., 15 , 1922, 274-9) investigates 
the complex zeros of a], («) + 8J_, (z), where a and b are real 
numbers. If 8 O, then for an even [v] there are exactly M 
complex zeros with a positive real part, but for an odd [»] 
there are either [y] - i or [p] + 1 according as ajb is positive 
or Negative. He applies the result in particular to the zeros 
of Y,(«). 

Geometry. —C. Segre (Atti Torino, 66, 1921, 143-57; 
1922, 575-85) shows that if a surface belonging to at least four 
(tensions contains a double infinity of plane curves, it is either 
a cone or a ruled cubic of or a Veronese quartic surface of 
'Sm or 84. It easily follows that if a surface belonging to space 
ol five or more dimensions contains a triple infinity of curves 
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which belong to ordinary space, it is either a cone or a 
rational normal ruled quartic surface of S„ the curves being 
rational cubics. Segre then investigates surfaces in space of 
five or more dimensions which have only a double infinity 
of curves belonging to three-dipiensional space ; they are 
(i) surfaces of S, contained in a VJ (the locus of a rational 
00 ‘ of planes); (2) surfaces of S, or S, contained in the 
cone VJ which projects from a point a Veronese quartic sur¬ 
face ; (3) the elliptic normal ruled surface of order six of S,; 
or (4) rational surfaces of S, or higher space which are repre¬ 
sentable on the plane by means of linear systems of cubics or 
by particular systems of quartics. The second note points 
out and supplies a logical defect in the proof, the result being 
unaffected. 

In n-dimensional geometry varieties V*. of k dimensions 
often occur through each point of which pass an infinite 
number of straight lines lying wholly in the variety ; if 
oo*(t^ I) pass through any point of the variety it will 
contain oo*+'~* lines. We can always suppose that i'^k — 2, 
since for i k — i the variety would reduce to a linear 
space S*, just as, for k = 2, the plane is the only surface 
with a double infinity of straight lines. For /fe 3, the 
varieties of this kind are all known ; if through any point 
of a Vs there pass 00 ‘ lines of the variety, it is a non¬ 
degenerate quadric of S4 or else consists of 00* planes. 
E. G. Togliatti {Atti Torino, 67 , 1922, 91—102) examines 
the case k •= 4, and proves that if a V4 is covered by 00* 
straight lines (and not by 00*), it is either the locus of Oo* 
planes, or of 00* non-degenerate quadric varieties Vj (of S4), 
or else belongs at most to a S„ in which case it is obtained by 
cutting with the S, the VJ of S, which represents, in Grassmann's 
way, the straight lines of S4. 

In space of three dimensions the surface represented by the 
vanishing of a symmetrical determinant of s rows and columns, 
of which the elements are homogeneous forms in four variables of 

degree m, has in general ^s+1 )s(s— i )m* nodes (Salmon). Simi- 

Wly, in space of four dimensions, the variety represented in like 
manner, the forms now being in five homogeneous variables, has 

a double curve of order g (s-H)s(s-i)m*. B. Segre (AtH 

Torino, 1922, 162-70) determines the genus of this double 
curve, which he shows to be the partial intersection of three 
vaneties which meet again in a second curve and touch along; 
a third. The rank of the double curve is the number of points 
common to the curve and the Jacobian of the three varieties 
and two general linear forms, taking away the num^r of these 
points which fall at points in which the double curve meets the 
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farther intersection of the three varieties. Thence the genus 
is proved to be 

I (s + i)s*(s — i) m* —^ (5 + i)s(s — i) m‘+ I. 

For example, the Hessian of the general variety of order n in 
space of four dimensions (s =» 5) has a double curve of order 
20 (m —2)’ and genus 75 (n—2!)* —5o(n —2)*+ i. 

G. Scheffers (Ma/A. Zs., 16,1923,43-77) investigates surfaces 
possessing conjugate nets of curves which can be represented on 
a plane by straight lines through a suitable projection. They 
are a large family and may be regarded as the dual of Lie’s 
translation surfaces. They include developables, which have 
an infinite number of such nets. If such a surface is not a 
developable and has two different nets with the property, 
then the lines in the plane touch a curve of the fourth class. 

W. Blaschke {Math. Zs., 15 , 1922, 309-20) investigates the 
differential geometry of ruled surfaces in elliptic space, showing 
that they are characterised by four integral covariants, and that 
there is always a certain set of four such surfaces which are 
invariantly connected. 

Blaschke has shown that surfaces for which conjugate points 
have a fixed geodesic distance have the following properties : 
fi) any point has only one conjugate point and conversely; 
(2) there are closed geodesics without singular points, all having 
the same length and all being bisected by a pair of conjugate 
points; (3) the line element is of the form ds* - d«* + G(«, uu/v*, 
« being the latitude and v the longitude and G a single-valued 
function of position on a sphere. He further guessed that the 
sphere is the only surface with these properties. P. Funk 
(Maik. Zs., 16 ,1923,159-62) brings a certain amount of support 
to this guess by showing that the sphere cannot be varied so 
as to give anotner surface with the properties. 

As far back as 1915-16 Bieberbach showed that of all plane 
finite regions of mven diameter the circle has the greatest area, 
and Szasz and Rosenthal that of all convex curves of given 
diameter d the curves of constant breadth d have the greatest 
circumference. K. Reinhardt {Jahresber. d. Math. Ver., SI, 
1922, 251-70) investigates the corresponding problems for 
polygons and proves that (i) forn an odd number, 3 or greater, 
of all plane simple n-gons of given diameter, the regular one 
has the greatest area; and (2) if » is hot a power of 2, of all 
plane convex »-gons of given diameter d, those and those only 
have the ^eatest perimeter which have equal sides and me 
insenbed in Reuleaux polygons with constant breadth d, so 
i^at each vertex of the Reuleaux polygon is a vertex of the 
H*‘gon. 
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lORraOXOliOOT. By E. V. Nbwnbam, B.Se., Meteorological Offioe, 

London. 

Annalm der Hydfographie und Maritimm Meteorologies 1922, 
Heft X, p. 271 , contains a summary of a long paper by W. Wiese, 
of Petrograd, entitled “ Die Einwirkung des Polareises im Grdn- 
l^ndischen Meere auf die Nordatlantiscne zyklonale Tatigkeit.*' 
The paper has not yet been published in Russian, nor is it likely 
to appear in that language for several years to come. It is 
possible that some of the relationships found may be accidental, 
and will need to be modified when more observations and 
completer information are available; but the main climatological 
peculiarities of years when ice is abundant in the Greenland 
seas, as compared with those of years when ice is scarce, appear 
so different that few meteorologists are likely to hesitate 
to accept the contrasts as genuine, and the paper represents 
an important advance in our understanding of the meteorology 
of Western Europe and the North Atlantic, while throwing 
some light upon the causes underlying the occurrence of periods 
amounting to a year or more during which the climate of Western 
Europe appears to have undergone an important change. 
In the following abstract much is omitted or abbreviated, but 
it is hoped that everything of the first importance has been 
included, particularly in those parts which have a direct bearing 
upon the meteorology of the British Isles. 

According to Prof. Meinardus, the quantity of ice in the 
polar seas east of Greenland depends not only upon the regime 
of the winds, but also upon the amount of ice which collects in 
the regions near the source of the current which crosses the 
polar basin from Northern Siberia to East Greenland.* The 
surface waters of the polar seas are not everywhere equally 
favourable for extensive formation of ice, but are particularly 
favourable for this purpose north of the mouths of the great 
Siberian rivers. This region may be called the “ factory 
for north-jpolar ice. The amount of ice in the seas eastward of 
Greenland may therefore be expected to depend to some extent 
upon the temperature in the “ factory during the time of 
principal ice-formation, namely in autumn. Observations for 
a long period are unfortunately not available for the exact area 
required, which centres about the month of the Lena, but 
those made at Obdorsk (66“ 31' N., 66® 35' W.) and Turuchansk 
(65® 55' N., 87° 38' W.) between 1877 and 1910 serve sufficiently 
well. For the quantity of Greenland ice the eastward extension 
of the ice between latitudes 67® and 71* N. will serve, and this 
is obtainable directly from the charts prepared by the Danish 
Meteorological Institute. Since four and a half years represents 

* Ann, d. Hydr., 1904, p. 368. 
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raugfaly the time taken by ice in travelling from Northom 
Siberia to Greenland, the mean temperature for Obdorsk and 
Turuchansk in autumn was tabulated against the quantity 
of ice in the region just mentioned between April and July 
five summers later, and a correlation coefficient was calculated. 
This worked out at - 0-83 ± 005, which implies a considerable 
degree of interdependence, a warm autumn resulting in a small 
quantity of ice being available for transportation. Since the 
temperature in the north of Iceland in spring is dependent to 
a large extent upon the quantity of ice on Greenland, we 
might expect to find some connection between the mean 
temperature each spring in that region and the mean tempera¬ 
ture in the Siberian area in autumn, four and a half years 
earlier, although the existence of other factors controlling 
Icelandic temperature would lead one to expect only a small 
correlation coefficient. The coefficient actually found 
was + 0*27 ±0*11. 

In order to study the influence of the Greenland ice upon 
the mean distribution of pressure at different seasons over the 
North Atlantic, the classification of Meinardus of the years 
1880-1916 into years of plentiful ice (which we may denote by 
E+) and of scarcity of ice (E-) has been employed. The 
me^n atmospheric pressure over the North Atlantic for E + 
and E- years, divided according to season, was then calcu¬ 
lated and mean isobars were drawn, with the following 
results: 

1, Spring ,—In E + years the Icelandic low-pressure centre 
was less well developed than in E — years, while the Greenland 
anticyclone extended farther east. Compensation for the 
exceptionally low pressure in the Icelandic region in E — years 
was found to take place in the high-pressure systems of the 
Azores and Siberia, which .were then unusually well developed. 
Thus in E- years the pressure gradient for westerly and 
south-westerly winds over Europe and the North Atlantic was 
steep, and the vrind circulation vigorous in consequence. 

2. Summer .—It is evident that at this season the variations 
in the amount of polar ice can have a considerable effect upon 
the temperature in these remons. A rough computation of the 
amount of ice melted daily in the Greenlana seas between 
latitudes 65® and 75® shows that sufficient heat is normally 
absorbed to lower the air temperature about 2® C. up to a height 
of 3 km. Since the quantity of ice in individual years departs 
as much as 30 per cent, from the normal, a variation of over 
1® C. might result in this way. Although the exact effect of 
these variations of absorbed heat upon the distribution of 
pressure cannot be estimated, the isobars for E + and E— 
years differ very notably. In £ + years there is a considerable 
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eastward expansion of the Greenland anticyclone, and a genarid 
displacement of the isobars towards the south. 

3. Autumn .—^At this season the effect of the quantity of 
polsf ice upon the pressure distribution is particularly wdl 
marked, and must be attributed to the action of the ice upon the 
spreading out of polar water, which is greatest at this season. 
The greater part of this spreading out takes place towards 
Norway and Barents Sea by the agenw of the East Iceland 
current, which fact explains why the effect of the quantity of 
ice is observed to the east of Greenland rather than to the 
west. In E+ years the North Atlantic pressure minima 
are feebly developed, particularly the centre over Barents Sea, 
and the high-pressure systems to the south are displaced 
equatorwards. This effect is particularly pronounced towards 
the British Isles, the mean pressure at Valencia changing from 
762 mm. in E— to 759 mm. in E+ years. The Siberian 
anticyclone retreats far towards the east, the 76s-mm. isobar 
being found in longitude 40® E., whereas in E— years it actually 
reaches longitude 0°, with a separate centre over the western 
part of Central Europe. As in spring, there is a vigorous 
atmospheric circulation over the northern part of the North 
Atlantic in E— years, the low-pressure centres being well de¬ 
veloped and the high-pressure belt being north of its normal 
position. 

Another method of studying the effect of the quantity 
of Greenland ice upon the distribution of pressure is to con¬ 
sider the paths of cyclones. Calculating for ten-degree intervals 
of longitude the mean latitude of all cyclonic centres occurring 
within these intervals, for E + and E — years, striking differ¬ 
ences are obtained, as the table on page 9 shows. Here 
again the greatest effect is observed to be in the autumn, 
when between longitudes 60® and 80® E., the mean path 
is nearly 6® farther south in E+ years than in E- years. 
In the spring the effect is practically confined to these longitudes, 
and at all three seasons is greater hereabouts than near the 
American continent. 

Yet another method of dealing with this problem is the 
construction of lines of equal frequency of occurrence of 
cyclonic centres. These show in spring and summar two main 
centres of activity, towards which, it may be noted, travelling 
cyclones tend to move. One centre is near Iceland, anotfa^ 
more intense, in Barents Sea. To these must be added m 
autumn a centre near Greenland. Cyclones which leave these 
centres show a tendency to follow certain definite -tracks. 
Those leaving the Icelandic centre either move north-eastwards, 
keeping near Greenland, or eastwards towards Norway, csr 
south-eastwards towards Great Britain; those from Barentt 
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S«ft either towards the 
northern or southern parts 
of Nova Zembla. In E + and 
E — years these centres of 
activity and dominant tracks 
present certain contrasts. 

Spring .—In E + years the 
two main centres are feebly 
developed and the Greenland 
track is displaced between 
3“ and 5 ® S. Near its origin 
it is indistinguishable from 
the track from Iceland to 
Norway, the two first be¬ 
coming distinct in longitude 
10“ W. From this point two 
tracks emerge, one passing 
south - eastwards towards 
Sweden, the other, which is 
comparatively feebly de¬ 
veloped, north - eastwards. 
The British track is not well 
developed in these years. 
As regards the two paths 
leading towards Nova 
Zembla, the more southerly 
is generally followed. 

In E— years the Iceland- 
Noiway track divides into 
two secondary tracks near 
the Norwegian coast, one to 
the north-east along this 
coast and the other across 
Sweden, rejoining the first 
in the Murman Sea. The 
British track is well developed 
durii^ these years, and the 
northernmost of the Nova 
Ze^blan tracks particularly 
so. This method of treat¬ 
ment, it will be noticed, 
biin^ out differences that 
are not shown when single 
mean paths only are con¬ 
structed. 

, Summer.—In £ + yeara 
thes'e is a general displace- 
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ment of the low-pressure centres towards the east as a result 
of the extension of the Greenland anticyclone in the same 
direction. The Greenland and Nova Zemblan tracks are feebly 
developed. That towards Norway is well developed, but 
the depressions tend to turn eastwards instead of proceeding 
north-eastwards towards the Barents Sea centre. The British 
track is particularly well developed. 

With E - the Icelandic centre is in its normal position, while 
the Barents Sea centre is between longitudes lo® and i S ® 
The Norwegian track is well developed and passes north-east 
up the coast in a normal manner, while the British track, instead 
of continuing south-eastwards across the North Sea, turns 
north-east. 

Autumn .—^At this season the general contrasts between 
E -1- and E — years that have been noted in spring and summer 
are particularly well developed. Depressions with E — tend 
to favour the Greenland and Nova Zemblan routes, while with 
E + the Norwegian and British tracks are more favoured. 

From the foregoing it is seen that the Greenland ice-fields 
produce climatological effects over a wide area, and it had 
previously been noted that the temperature in autumn over 
Northern Siberia affects these ice-fields several years later 
in consequence of the drifting of the ice across the polar basin 
from Siberia to Greenland. Now, when the cyclonic tracks are 
displaced southwards (in E + years), the region of ice-formation 
north of Siberia experiences an increase in the frequency of 
northerly winds, consequently the state of the ice in the Green¬ 
land seas influences the autumn temperature in Northern 
Siberia during the same year. In this way a series of four- to 
five-year penodicities is set up, this period representing the 
time taken by ice in drifting across the polar basin. These con¬ 
siderations may possibly explain the 4‘5-year periodicity found 
by Meinardus with regard to the state of the ice in Iceland, 
as well as the 4'8-year period in the quantity of Greenland ice 
found for the years under consideration in the present paper. 

Without going exhaustively into the climatological results 
of the changes in the distribution of pressure brought about 
by E -f and E - conditions, a few may be mentioned which 
are particularly marked. In E -I- years rain is below the normal 
in Ireland and northern England in spring, while in E —years 
it is above the normal; in autumn E -f- gives a rainfall notably 
above the normal in south-eastern England, and E - one equally 
below normal, the difference amounting to fully 50 per cost, of 
the normal. Great contrasts of temperature between the two 
types of year are prevented by the fact that increased supplies 
of polar air, which tend to produce low temperatures, tend 
also towards clearer skies and increased solar heating at the 
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seasons here considered. In so far*, however, as E+ years 
texid to increase the frequency of anticyclonic conditions, they 
tend to produce the continental phenomenon of big variations 
of temperature—^warm days and cold nights—and this can 
readily be detected at certain British stations. The increased 
intensity of the Greenland anticyclone with E+ results in 
more numerous late spring frosts. Thus at Douglas, Isle of Man, 
during thirty-two years, temperatures of 32® F. or less occurred 
seven times in E + years, once with normal ice conditions, and 
on no occasion with E-^. In Scotland there is even a hint of 
the mean temperature being affected, for in October the mean 
was found to be nearly 3° F. lower with E-t- than with E~. 
The figures for the whole of autumn give, however, a difference 
of only slightly over i ® F. 

An interesting paper by A. H. R. Goldie, entitled “ Circum¬ 
stances determining the Distribution of Temperature in the 
Upper Air under Conditions of High and Low Barometric 
Pressure,” appears in the Quarterly Journal of the Royal 
Meteorological Society for January 1923, vol. xlix. No. 205, 

The author first refers to a mathematical discussion of certain 
statistical relationships between temperature and pressure in 
the upper air published by Hesselberg in 1915 (” Uber den 
Zusammenhang zwischen Druck- und Temperaturschwank- 
ungen in der Atmosphare,” Met. Zeit., 88, 1915, pp. 311-18). 
In this discussion Hesselberg showed that the changes of 
temperature up to a height of 9 km. which correspond 
with various changes of pressure are much larger than would 
result from the introduction of additional masses of air sufficient 
to give the changes of pressure, at whatever level the addition 
may be made. He concluded from this fact that the air masses 
between o and 9 km. after a pressure increase have on the 
average a higher mean temperature than the masses that 
were formerly there. He proceeded farther and found a 
mathematical expression for the increase of temperature per 
unit of time for a point in space. The final expression arrived 
at showed that temperature changes as a result of the following 
causes: 

fi) Adiabatic change due to change of pressure. 

^2) Change due to introduction—horizontally or vertically— 
of air of a different temperature from noghbouring r^ons. 

(3) Contribution of neat to or abstracuon of heat from the air 
by radiation, convection, condensation, etc. 

Goldie sets out to show the importance of (2), and in 

g articular of the introduction of air of different temperature 
•om more northwly or more southerly latitudes. The tempa»- 
tmea and pressures found on 165 aeroplane asctots made from 
October to December 1921 were divided according to whether 
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they were made in " equatorial ” or “ polar " or partly 
in one and partly in the other. Correlation coemaents were 
found for each month between pressure and temperature, 
irrespective of height, for pressures between 950 and 75 ® 
millibars, and between 700 and $00 millibars in “ polw" 
and in “ equatorial ” air, in order to see whether a closer relation- 
ship existed between these two variables in the one case than 
in the other. It was found that in seven out of the eight 
coefficients the correlation was higher in “ equatorial ” than in 
" polar ” air, and that in “ equatorial ” air the correlation 
was in every case decidedly higher in the region 700—5®® mb. 
than for the higher range of pressure. No such difference 
existed in the “ polar ” air. The explanation for this would 
seem to be that air which has been for some time in polar regions 
probably reaches a fairly definite state with regard to the temper¬ 
ature for a given height or a given pressure, the same being true 
for equatorial air, but that whereas the latter is cooled principally 
in a shallow layer near the surface as it moves towards temperate 
latitudes, the higher regions being nearly unaltered, in the case 
of the polar air warming takes place at the surface and results 
at once in instability and turbulent motion which causes heat 
to be continually transferred upwards. Thus in polar air the 
temperature corresponding with a given pressure will vary 
according to the time taken by the air on its journey, 
and according to the track followed. In equatorial air, on 
the other hand, the relationship between pressure and tempi^- 
ture will, except in the surface layers, remain for a long time 
what it was before it left equatorial regions, whence the higher 
correlation. When temperature was plotted against pressure, 
the curves were found to be quite different in the two different 
supplies of air; the equatorial was the warmer by from 10* 
to 15° at all heights considered, i.e. up to about 5 km., and 
the difference was greatest for a pressure of 850 mb. This 
result negatives the theory that cyclones are symmetrical 
at these levels, and shows that temperature is a function of the 
source of the air, notwthstanding that there may be no correla¬ 
tion between wind direction and temperature at one place. 

The author then considered some cases where the air was 
partly polar and partly equatorial. One of particular interest 
m^ be mentioned. Between 17 h. G.M.T. on October 13th 
and 10 h. on the 14th, air that was entirely equatorial up to 
i;2,ooo ft. was replaced by polar air up to about 4,000 ft., the 
temperature falling roughly 15® F. in consequence, while above 
6^00 ft. the air remained entirely equatorial. It appeared that 
this equatorial air was lifted over 200 ft. by the wedge of cold 
air, and pressure rose from 1,020 to 1,031 *5 tnb. at the surface. 
In the author's opinion, phenomena of this kind may account 
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for most of the pressure changes in our latitudes. Investiga¬ 
tions were made into the changes of pressure occurring in 
samples of surface polar and equatorial air as they proceeded 
over considerable distances, and the following conclusions were 
reached : 

(1) In polar air the pressure falls so long as it is being over¬ 
run by equatorial air. 

(2) In polar air the pressure rises so long as it is undercutting 
equatorial air. 

(3) In equatorial currents there is as a rule comparatively 
little change of pressure along a trajectory, at least until it is 
about to overrun polar air. 

The paper concludes with some suggestions as to the 
probable constitution of anticyclones and cyclones in temperate 
latitudes. 
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WXtnCMJU OXBKUT&T. 

(;;ollege, London. 


By W. E. Garner, M.Sc., University 


The Constitution of Ampholytes.—h theory of ampholytes has 
been put forward by Niels Bjerrum {Zi. Phys. Chem,, 1923, 10 l» 
* 47 ~ 73 )» which, if substantiated by further investigation, will 
entail radical changes in the theo^ of the colloidal behaviour of 
the proteins, especially in the region of the isoelectric point. An 
amino acid, NH,. R. COOH, is one of the simplest ampholytes, 
and according to the current view, a solution of an aminn 

add contains the two ions, NH,. R. COO~, and NH,. R. COOH, 
and the undwsodated substance NH,. R . COOH. The 

zwitterion,” NH,.R.COO, is not believed to be present in 
considerable amount in such solutions. If these substances be 

represented by , A, and A respectively, then the acid* 

mid^ basic dissociation constants are [iI//^/[,4] - *«, and 

u These calculated dissociation constants 

for both the basic and the acidic groups are much lower than 
those for the same groups in most of the known amines and 
carboxylic acids. This result is contrary to what would have 
been predicted from the mode of ionisation of dibasic acid$a 
where the second ionisation constant is usually lo to tofioo 
times srnaller than the first. Since in these adds the ionisation 
in.-nctfi carboxyl group represses that of the second, an 
sihcation of ionisation would be expected to occur when 
unlike groups, amino and carboxylic, were in juxta" 
position in the same molecule. 

conception of the “ zwitterion ” has not 
hitherto been senously employed in the development of the 
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tliieory of the amino acids, it has been found useful in ocplaining 
the colour changes of indicators. Thus Kuster {Zt. Anorg, 
Ch*m., 1897, 18 , 135) ascribed the change in colour of 
methyl orange, from yellow to red, to the formation of 

^H(CH,),N. C,H4 . N,. QHj. SO, , and, in acid solutions, methyl 
orange was considered to give this ion almost entirely. Bjerrum 
makes a similar assumption for the amino acids which he regards 

as giving"^ NH,. R. COOH, NH,. R. COO, and "^NH,. R. COO 
in aqueous solutions, the undissociated acid being present in 
negligible proportions. This gives the acid and bask disso¬ 
ciation constants the values, Ks’^ 

K,- UlioHlIiAl , from which Ks=“ Ka^lki, and Kg— 
K-a^fka, The new dissociation constant for the carboxyl group 
is identical with the hydrolysis constant, corresponding to the 
old basic dissociation constant. The new values for Ks range 
from io“* to and for Kb from io“* to io“*, values much 

greater than those usually accepted, and somewhat l^er 
than those for the simple carboxylic acids and amines. 
Bjerrum shows that the relation between the chemical consti¬ 
tution of the amino acids and the ionising tendencies of their 
carboxyl groups is clearly demonstrated by the new values. 
Thus lysine and arganine, which contain two amino groups, 
would be expected to possess strongly dissociating carboxyl 
groups, and likewise the amino group in asparagine, which has 
two carboxyl groups, should be strongly dissociated. The new 
dissociation constants are in agreement with these predictions. 
Arguments are advanced to show that the undissociated sub¬ 
stance NH,. R. COOH can only be present from o*i to 3 per cent., 
and that the amino acids are almost exclusively present as the 
“ zwitterion.” The amino-phenols are exceptional, the con¬ 
centration of the undissociated electrolyte being apparently 
greater than the concentration of the “ zwitterion." 

This argument possesses considerable interest in view of the 
recent work of Loeb, Pauli, Michaelis, and others, on the colloidal 
behaviour of proteins. These substances should be latgely 
dissociated at the isoelectric point into the " zwitterion," and 

H and ON, the colloidal micelle containing an equal number 
of positive and negative ions, and thus being electrically neutral. 
Loeb (Scimce, 1922,86,731-4J)»in a summary of his application 
of the Donpan membrane equilibrium to the swelling, viscosity, 
and osmotic pressure of the proteins, emphasises the non-ionic 
character of isoelectric protein. It is conceivable that the re- 
l^c^ent of the undissodated isoelectric protein by the 
‘ zwitterion " will not appreciably affect Loeb’s work in its 
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bearing on the Donnan equilibrium, or in regard to the Proetof 
and J. A. Wilson theory of the swelling of gelatine. Accord^ 
to the latter theory the protein micelle is honeycombed wi^ 
cells into which electrolyte may diffuse from outside. In add 
solution, protein chloride is formed inside the micelle, which 
cannot diffuse through the cell walls. Acid will diffuse, howev^, 
into the protein structure, setting up a Donnan equilibrium, 

when represents the relation be¬ 

tween the hydrogen and chlorine ion concentrations inside (i) 

and outside (2) the protein micelle. Since Cc/l is greater than 

and J, - C 7 1, a greater concentration of ions will be 

produced in the inside solution, and hence osmosis inwards and 
swelling must occur. In the case of gelatine the differences 
in osmotic pressure between the two sides of the membrane, 
calculated from the Donnan equilibrium, give a maximum value 
at an acid concentration of about Ph" 3’0, and this coincides 
with the acid concentration at which the maximum swelling of 
the gel and the maximum viscosity of gelatine solution occurs. 

According to Pauli these maxima correspond with a maxi¬ 
mum in the differential ionisation of the protein (Colloid 
Chemistry of the Proteins, p. 63). From the results of Manaba 

and Mantula on ox-blood serum is a maximum 

when the viscosity is at a maximum. This, however, does not 

hold for gelatine, where [«*]. - [c7l only slowly approaches! 
a maximum (Loeb, Proteins and the Theory of Colloidal BehavioHr^ 
p. 175) which lies at a higher acid concentration than that of 
maximum osmotic pressure. For gelatine it would appear 
that the Proctor-Wilson theory of swelling, based on the Donnan 
membrane equilibrium, gives an explanation which is as 
quantitative as would be expected from the complex nature of 
the ionisation processes of protein salts. On p. 193 Loeb 
states that “ at the isoelectric point gelatine is practically not 
ionised, and therefore there can be no Donnan equilibrium. Yet, 
when dry grains of isoelectric gelatine are put into water of 
Ph 47 a considerable swelling occurs. ’' 1 1 is here that the view 
of Bjerrum on ampholytes will perhaps find application, for 
if the " zwitterion " state be dominant for ammo adds, this 
will be present in the ionic micelle, and exert an osmotic premire 
which will account for the swelling. 

The Swedberg and E. R. Jette (J.A.C.S., 1923, 48 ^ P54-^7) 
have made use of ultraviolet light for the measurement of the 
cataphoresis of proteins. Previously by the direct measurdm<(mt 
pf the moving protein boundary has never be«i possible, siti^ 
in ordinary light a dilute protein sol can bedistingmshed frMi 
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a colourless solution only vdth great difficulty. The boundary 
surfaces can be made visible, however, if the solutions are 
ifiuminated with ultraviolet light, for proteins absorb ultraviolet 
light, and the absorption is accompanied by a strong 
fluorescence. By means of a quartz mercury lamp of 3,000 

+ 

candle-power, the effect of variation in H concentration on 
0*3 per cent, egg albumen has been studied ih this manner. 

J. Holker {Proc. Roy. Soc., 1923, A 108, 710) has made 
measurements of the periodic opacity which occurs when 
solutions of electrolytes are added to solutions of human 
serum. The changes in opacity, which are sometimes visible 
to the naked eye, were measured in an opacimeter. The periodic 
changes in opacity are considered to be due to flocculation 
caused by alternate adsorption of cations and anions. This 
variation in the nature of the ions adsorbed must be associated 
with some rearrangement of the atoms of the surface of the 
colloid; the mechanism of this change is as yet obscure. 

The Third Law of Thermodynamics. —G. E. Gibson and 
W. F. Giauque {J.A.C.S,, 1923, 45, 93-104 j cf. Science 
Progress, 1921, 69, 373) have carried out further experimental 
work to test the inequality contained in the third law, which 
demands that the entropy of a non-crystalline substance may be 
greater but can never be less than zero at the absolute zero. 
Wietzel, for silica, and Gibson, Parks, and Latimer for the 
alcohols, came to the conclusion that thg entropy of the 
.supercooled form is greater than that of the crystalline form at. 
the absolute zero; but difficulties in the determination of 
speciflc heats, and heats of crystallisation at high temperatures, 
leave some uncertainty in these conclusions. By determinations 
of the speciflc heats and heats of crystallisation of glycerol, 
which can be readily supercooled, the deduction of G. N. Lewis 
and Gibson from the third law has been conflrmed. The speciflc 
heat of the glass and of the crystals approach one another as 
the temperature is lowered, and are almost identical below 
140“ K. The entropy of supercooled glycerol exceeds that of 
orystalline glycerol by 5*6 ± o*i cal/degree per mol at 70® K., 
and it is concluded that this value will not be appreciably 
different at the absolute zero. In order to account for tlm 
difference on the su^estiim of Nemst and Wietzel tW the 
spedfic heat of the glass may decrease mudh more slowly than 
that of the crystals below i® K., it would be necessary for the 
apedflc beat of glycerol glass to remain constant at the improh- 
ably high value of o*as cal/degree from 1® JC. to i x 10““® K. 
Ihe evidence furnished by myccarol is therefco'e strongly in 
mvour of the interpretation ofthe third law given by Lewis and 
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Th$ New ElemerU.—l\it pxide which was isolated by ^ott 
from a New Zealand sand has been subjected to a searching 
examination by means of X-ray and by optical spectrm 
analysis by Coster and Hevesy, with the hope of finding in it 
some of the other missing elements, in particular that of atonue 
number 75, but without success. Scott {Trans. Ckem. Soc.t 
1923, 188, 881) has analysed this material, and reaches the 
conclusion that the very refractory material in the New Zealand 
sand may be regarded as titanium oxide in which part of the 
titanium is replaced by silicon. 

BXOOXBinsraT. By R. Kbith Canmam, M.Sc., University College, 

London. 

The past few years have witnessed fundamental advances in 
biochemistry, pre-eminently in problems of nutrition and 
in our views of vital oxidation and of muscle contraction. 
The work of consolidation and extension proceeds apace, and 
its thoroughness gives promise of larger progress in due season; 
but, at the moment, these and other problems are overshadowed 
by a notable achievement in the field of carbohydrate 
metabolism. The measure of success already attained in the 
therapeutic use of" insulin " in diabetes—a success exuberantly 
embellished by the daily press—^has led to a renewed zeal in 
the attack on the problems of carbohydrate metabolism, 
which promises to lead us far towards a better understanding 
of this difficult sutyect. 

Carbohydrate Metabolism and Diabetes. —Since the classical 
researches of Von Mering and Minkowski, diabetes has been 
associated with a disturbance of the internal secretion of the 
pancreas, but the critical test of this relation could never be 
brought off with certainty. For years a preparation of the 
pancreas was sought which, on injection into the depancreatised 
animal, would allay the characteristic diabetic symptoms— 
notably the hyperglycaemia and resultant glycosuria. Occasional 
positive results have been reported, but consistent, and therefore 
conclusive, success has been reserved for two young Canadian 
clinicians, F. G. Banting and C. H. Best. Starting from the 
premises that the islets of Langerhans were responsible for 
the hormone sought, and that failure hitherto had oeen due to 
the destruction of the latter by the external secretion of the 
gland, Banting and Best {J. Lab. Clin. Med., 1922,7* 251) made 
extracts of fcetal pancreas (in which the islet tissue alone is 
active). Upon injecting these into depancreatised dogs, a 
striking reduction in the blood sugar was recorded and the 
animals showed marked improvement in condition. The next 
step was the attempt to use normal ox pancreas, of whidi 
large quantities would always be available, by extracting 
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under conditions likely to inhibit tryptic activity. They 
followed, but with greater success, the method previously used 
hvScotti^Amer.J.Physiol., 1912,2^ 3) involving the extraction 
of the minced glands with 50 per cent, alcohol, removal of fat 
and protein, and precipitation, by raising the concentration of 
alcohol to 90 per cent., of a fraction which was found to contain 
the active principle. The results of the trial of this material 
on dogs was so definite that the treatment of a human diabetic 
was essayed with equally.definite success. The full resources 
of the Toronto laboratory were thrown into the work, with the 
result that in a very short time the method was sufficiently 
standardised for extended clinical trial. (Catiad. Med, Assoc. J., 
March 1922 ; Amer. J. Physiol., \^22,^, 162*) These prepara¬ 
tions, which received the name of “ insulin,” have been in 
clinical use in Canada and America for a full year {Proc. Roy. 
Soc. Canada, 1922, 18; Brit. Med. J., Januai^ 6, 1923), 
whilst during the last three months many British hospitals 
have been able to confirm the general results of the treatment. 
Satisfactory preparations are already on the market, and 
” insulin ” is assured of a fair trial in this county. 

The study of the biochemical function of the pancreatic 
hormone which is now rendered possible presents many 
intriguing questions. Insulin lowers the blood sugar 6f the 
normal and of the diabetic animal indiscriminately except in 
so far as the effect is the more pronounced the greater the 
depletion of the glycogen stores (MacLeod and others, J.Physiol., 
*9^*3, 87* 234), the excretion of sugar and of acetone bodies is 
reduced or stopped, and the respiratory quotient shows a 
transient rise. In the depancreatised dog the glycogen of the 
liver is replenished, but preliminary experiments on normal 
rabbits suggests that in the non-diabetic animal insulin retards 
the normal accumulation of liver glycogen after a carbohydrate 
meal. It is very doubtful if one may argue from the rise in 
the respiratory quotient that the catabolism of su^ar is increased, 
for there would seem to be no concurrent rise in oxygen con¬ 
sumption, and only a transitory increase in carbon dioxide 
production which is difficult to interpret (Dudley, Trevan, and 
others, communication to March meeting of the Physiological 
Society). There is undoubtedly a fundamental redistribution 
of the carbohydrate of the body under the influence of insulin, 
but there is yet no explanation of the pancreatic function of 
which this is the expression. The problem is elusive but full 
of promise. 

Meanwhile, along rather different lines, interesting spetula- 
timis are being pursued. It seems to be a convenient and 
ahnost unavoidable hjrpothesis that dextrose prior to utilisation 
if converted into some more reactive form. The view of 
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Woodyatt and others, that in the body the glucose molecule 
is frap^ented much as Nef pictured its disintegration in alkaline 
solution, has much to commend it, but our ignorance of the 
mechanism of such a change has led to the search for a more 
definite statement of the biochemical activation of hexoses. 
Stimulated by the important part phosphates would seem to 
play in alcoholic fermentation, the thought that a hexose- 
phosphoric acid may be the form in which carbohydrate 
is catabolised is engaging attention. Embden and his schodl 
(Z. Physiol. Ghent., 1914,93.1, 94,124) have advanced evidence 
that just such a compound is the lactic acid precursor in the 
muscle, whilst several attempts have been made recently to 
show that phosphates have a specific catalytic function in the 
oxidation of glucose in vitro by hydrogen peroxide. Witzemann 
(/. Biol. Ghent., 1920, 46, I) has confirmed and extended this 
view, originally due to Lob, though he is inclined to attribute 
the catalysis to perphosphate rather than to hexosephosphate 
formation. It must be recorded, however, that Harden and 
Henley {Biochem. J., 1922, 15, 672), in carefully controlled 
experiments, have been unable to associate with phosphates 
any rdle in this reaction other than that of regulators of the 
hydroxyl-ion concentration. It were perhaps sounder progress 
to become more familiar with the characteristics of the various 
compounds of sugars and phosphoric acid before staking 
biochemical claims for them. Levene (/. Biol. Ghent., 1921, 
233; and 1922, 68, 431) in America, and Neuberg {Biochem. 
Z., 1921,181, 326) in Germany, are pursuing a systematic study 
of the synthetic esters, and we may note that these two workers 
have also given attention to the sulphuric acid esters of glucose 
in view of their relation to the glucoproteins. In this country 
Robison {Biochem. J., 1922,16, 809) has recently isolated frdm 
actively fermenting yeast juice a hexosemonophosphate wMch 
is distinct from the compound obtained by Neuberg from the 

{ )artial hydrolysis of the fermentation diphosphate. The two 
atter substances both give a Isevorotatory sugar on removal 
of the acid, whereas the new compound yi«ds a reducing 
substance of dextrorotation. The properties of this ester have 
already led to attractive hypotheses in unexpected relations, 
but a discussion of these must await publication of the 
experimental results. 

Another suggestion as to the form of sugar concerned in 
metabolism is the outcome of the laborious studies over many 
years of Irvine and his co-workers on the structure of the 
carbohydrates. As a result of this work, it has been firmly 
established that hexoses can exist in their derivatives in a- 
structure other than that of the accepted butylene oxide forin;' 
Whether it be finally decided to assign to these “ y sugam ** 
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unfortimate name in view of the confusing history of sugar 
nomenclature) the propylene oxide, ethylene oxide, or other 
structure, their significance lies in their extreme susceptibility 
to oxidation and condensation. Hewitt and Pryde were the 
i^t to suggest a biochemical importance for these 7 sugars 
from the optical changes undergone by equilibrated solu* 
tions of hexoses introduced into the intestine. They offered 
the suggestion that dextrose and leevulose in contact with 
the living mucous membrane of the intestine were converted 
into their reactive isomers {Biochem. J., 1920, 14 , 395). In a 
later paper Hewitt and De Souza [Biochem. J., 1921, 16 , 667) 
came to the conclusion that the sugar of the blood was not of 
the new type. Recently, however. Winter and Smith (J. 
Physiol., 1922, 67, 100) have definitely made the suggestion 
that the sugar of the blood exists in the 7 form. This paper 
was rapidly followed by others advancing evidence to show 
that in diabetic blood the sugar is the normal stable variety 
(Proc. Physiol. Soc., 1922, 67, xxxi), that after the injection 
of insulin into the diabetic 7 glucose appeared in the blood 
(Forrest, Winter, and Smith,/. Physiol., 1923, 67,224), and that 
in the liver is found an enzyme which, when activated by the 
pancreatic hormone, converts normal hexose into its reactive 
variety (Proc. Physiol. Soc., 1922, 87, xiii). The obvious 
suroestion that the diabetic fails to metabolise sugar because 
of his inability to effect this process of activation is undoubtedly 
attractive, but the technique employed in all these investigations 
is open to grave criticism. From the properties of the 7 sugars 
reported by Irvine, it would seem almost inconceivable that 
such unstable molecules could survive the involved chemical 
manipulation to which the blood filtrates were submitted. 
After all, processes of activation with which we are familiar 
all take place within the cell, whilst the blood constituents are 
generally regarded as a stable • circulating currency ; there 
would seem to be no physiological reason for such a flaunting 
in the blood of reactive material. At the same time, further 
investigation of the nature of the blood sugar will be very 
welcome. 

So much space has been devoted to these intvestihg problems 
that it is only permitted to mention and welcome a few notable 
contributions to biochemistry in one or two other fields. 

Enaymss .—^Neuberg has dononstrated in yeast juice the exis¬ 
tence of an interesting enzyme capable of building Up carbon 
chains. For example, it condenses benzaldehyde and pyruvic 
add to form /-acetyl phenyl carbinol, HO. CH. QH,. COCH,, 
He has given the catalyst the name of "CwDoligase’’ 
{Biockam. Z., 1922, 287, 337; m, 610). Turning his attention 
to the butyric add fermentation, Neuberg suggests that the 
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intermediate step in the conversion of the hexose into a fatty 
acid is the aldol condensation of two molecules of pyruvic aiiia 
to form 

CH,.(C CH..C07b 
iooH 

rather than the formation of aldol from acetaldehyde. He 
was able to isolate small amounts of high fatty acids from the 
action of B. butylicus on starch paste {Biockem. Z., 1931, 
U7, 269). 

The advent of R. Willstatter into the field of enzyme 
chemistry will be welcomed in view of his success in other 
branches of plant chemistry. His project is wide, for he has 
already published papers on invertase, maltase, lactase, raffinase, 
emulsin, and peroxidase (Z. Physiol. Chem., 1923, 116, 186, 
199; 11^ S3 ; 117,172 ; 121,183 ; 123, 1), but it is yet too early 
to draw conclusions from his work. 

Meanwhile the two views of the nature of enzyme action— 
the physical and the chemical—appear to be drawing nearer 
under the influence of the views of Lewis and Langmuir of 
surface activity (E. F. Armstrong and Hilditch, Proc. Roy. 
Soc., 1919, A. 96 , 137). 

Biochemical Oxidation. —Bach returns to the criticism of 
Wieland’s theories of dehydrogenation (Ber., 1932,66 B, 3564), 
though the latter still gain ground and receive support from 
the notable isolation from tissue by F. G. Hopkins of a ther¬ 
mostable auto-oxidisable peptide to which has been given . 
the name “glutathione” (Biochem. 1921, 16, 286). A 
second paper dealing with this substance has appeared 
(7. Biol. Chem., 1922, 64, 527) in which glutathione is shown to 
have a real function in cellular respiration. It is associated 
with certain insoluble thermostable hydrogen donators in the 
cell together with which it forms a thermostable oxidation 
system distinct from the enzymic mechanism and having an 
independent function. This has been a notable discovery. 

The progress of investigation in other directions has been 
real, and a discussion of recent work in protein chemistry, in 
vitamins, and in the acid-base equilibria of the blood are some of 
the problems that will demand attention in a future report. 

OBOLOOT. By G. W. Tyrrell. F.G.S., A.R.C.Sc.. Ph.D., Univwrity. 

Guisgow. 

Stratigraphical Gaology, —^The Coventry region, the geology of' 
which is described by the Geological Survey in a recently pub* 
lished memoir {Geology of the Country around Cwmtry^ * , . 
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1^1. of Sh. 169. London, 1923, pp. 149), contains Pre-Cam¬ 
brian and Cambrian formations each with igneous rocks of 
considerable industrial importance. Then there are Carboni¬ 
ferous rocks including the major part of the Warwickshire 
Coal-field ; and finally Triassic rocfe unconformably covering 
the older formations. A very full account of the stratigraphy 
of the Warwickshire Coal-field, parts of which fall into contiguous 
map areas, is given. 

Welsh stratigraphy figures prominently in recent numbers 
of the Quarterly Journal of the Geological Society, Miss G. L. 
Elies describes the structure end rock succession of the classic 
Bala country after detailed mapping in that complicated and 
difficult region {Q.J.G.S., 78, pt. 2, 1922, 132-75). The 
lx>wer Palaeozoic rocks of the Llangollen district are described 
by L. J. Wills and B. Smith, with special reference to the 
tectonics {ibid., 176-226). The structures are complicated, but 
are elucidated with the aid of an excellent set of serial sec¬ 
tions. L. D. Stamp and S. W. Wooldridge have shown that 
the igneous rocks of Llanwrtyd (Brecon) are spilitic in 
character, and are mostly of pyroclastic origin (ibid., 78, 
pt. I, 1923, 16-46). The stratigraphical and palaeontological 
evidence proves that they are of the same age as the Upper 
Igneous Series of Snowdonia, Cader Idris, and the Bala 
country. 

In a paper on the nature and origin of the Pliocene deposits 
of Cornwall, and their bearing on the Pliocene geography of 
the south-west of England, H. B. Milner shows that the petro- 
graphical characters of the St. Agnes, St. Erth, and St. Keveme 
deposits are substantially the same, and suggest derivation 
from a homogeneous distributive province such as that fur¬ 
nished by the Palaeozoic rocks of Cornwall {Q.J.G.S., 78 , 
pt. 4, 1922, 299-347). Since the St. Erth Beds are known to 
be of Early Pliocene age, the. other deposits, although un- 
fossiliferous, must be of the same age. The topographic 
evidence furnished, by the 400' plateau, in conjunction with 
the petrographical characters of the deposits associated with 
it, hM been used in reconstructing the Early Pliocene geography 
of Cornwall. 

A complete study of one of the five Devonian regions 
^vamshesten) of western Norway has been made by Prof. 
C. F. Kolderup (“ Kvamshesten Devonfelt/’ B^ms Mus. Aarb,, 
1920-1, Naturvid. Raekke, No. 4, pp. 96). Tlie rocks consist 
of a basement group of conglomerates and breccias, followed 
by a red and green sandstone series, a green sandstone, and 
finally a series of red conglomerates and sandstones. The 
lithological and palseontological similarity of this formation to 
the Orcadian Old Red Sandstone is convincii^ly demonstrated. 
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The sediments are shown to be of terrestrial and fluviatile 
origin. Prof. W. N. Benson’s long paper on Palaozoic 
M^zoic seas in Australasia (Trans. N.Z. Inst., 1922, i-6a) 
is really a very full account 01 the geological history and palaso- 
geography of Australasia, and is illustrated by many intorma- 
tive maps. The tectonic relationships of Australasia and 
Antarctica are also discussed. 

Sedimentary Rocks:~DT. R. H. Rastall discusses a number 
of points arising from recent practice in sedimentary petro¬ 
graphy, and from his own earlier unpublished work (Geot. 
Mag., flO, 1923, 32-9). He calls attention to the utility of 
large-scale panning 0/ sediments previous to the use of heavy 
liquids. He is justifiably sceptical of the value of the elutria- 
tion method of separating grades in the case of mixed sedi¬ 
ments. The value of dark-ground illumination in the iden¬ 
tification of mineral particles is emphasised. The sources of 
some heavy minerals, notably kyanite and rutile, which are 
abundant in British sediments, are still unknown. lYof. 
P. G. H. Boswell further discusses some of the points raised 
by Dr. Rastall (ibid., 165-8), and indicates the character and 
utility of the petrographic methods devised for the investiga¬ 
tion of sediments of economic value. 

Dr. R. Thiessen has published an admirable study of the 
microscopic structures of Paleozoic coals, in which a great 
amount of new information as to the composition and intimate 
structure of coal is given (Bull. 117, U.S. Bureau of Mines, 
1920, pp. 296, 160 pis.). 

The oil shales of the Mepale basin of Southern Burma are 
described by Prof. J. W. Gregory as probably Pliocene lake 
deposits, formed in a basin surrounded on most sides by Eozoic 
gneiss and schistose quartzite (Geol. Mag., 00, 1923, 152-9); 
The rich material consists of a clay base with a yellow or 
brown organic material which serves as the ker<^n. No 
organic spherocrystals are present as in Scottish and Aus¬ 
tralian shales ; but this may be due to the recent age of the 
deposits, too little time having been available for the crystal¬ 
lisation of the organic matter. 

In a paper on dolomitisation in the Carboniferous lime¬ 
stone of the Midlands, L. M. Parsons shows that there are two 
contrasting types of this change (Geol. Mag., 60 . 193a. 51-64 { 
104-17). One is wholly subsequent in the main limestone 
mass of central Derbyshire ; the other is almost wholly con¬ 
temporaneous in the marginal deposits north of the Leicester¬ 
shire Coal^eld. In the first case magnesian ground waters 
appear to have been the agent of metasomatism. In the oth«sr 
caw there are no lateral transitions to ordinary limestone/ 
and selective metasomatism does not occur. The dolomitic 
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liaieitone here is believed to constitute a shallow-water facies 
foiSaied durinjg; long-continued subsidence. ' 

^e massive chert formation in the Carboniferous of North 
IFlintshire has been petrographically studied by H. C. Sargent 
Mag., 00, 1923, 168-83^. He believes that it is an 
original chemical sediment of inorganic origin, laid down as 
an off-shore deposit in a largely landlocked basin which was 
undergoing subsidence. The silica was probably derived from 
the disintegration of a granitic region lying to the north. 

The work by C. L. Dake entitled “ The Problem of the 
St. Peter Sandstone ” {Bull. School of Mines and Metall. Univ. 
of Missouri, 6, No. i, 1921, pp. 228) is an exhaustive strati- 
graphical and petrological study of a sandstone formation. 
The extraordinary purity, uniformity, and degree of rounding 
of the grains in the St. Peter sandstone have been taken as 
indicative of its aeolian origin. Prof. Dake, however, adversely 
criticises all these criteria, and argues that the formation is 
of marine origin. The importance of the work lies in the 
thorough discussion and criticism of those features of sand¬ 
stones usually taken as indicating desert or aeolian origin. 

Vulcanism and Plutonism. —ftof. R. A. Daly has given a 
preliminary account of his volcanic studies on Ascension and 
St. Helena {Geol. Mag., 69, 1922, 146-56). “ Ascension pre¬ 
sents an ideal case of a complex volcanic island in its con¬ 
structional stage.” Widespread basalt flows form most of 
the island, but one-eighth is composed of younger domes of 
trachyte. St. Helena is essentially an older Ascension sub- 
maturely dissected by streams ancient and modern. 

Discussing the recent volcanic activity at Lassen Peak, 
California, Dr. A. L. Day shows that there is evidence of 

E jwerful horizontal blasts of hot gases and sand, which have 
veiled long avenues of tree trunks {Jour. Franklin Inst., 191^ 
1922, 569-82). Many of the stumps have been completely 
j^nded, and grains of volcanic sand have been driven an 
inch into the wood. The cause of these blasts is believed to 
be the release of gases during the eruption at the weakest point 
pf the chamber below the sealing plug of the volcano. 

G. Meyer discusses the origin of the low shield volcanoes of 
Iceland {IJems Jahrb. /. Min., 1919, 51-68); and A. Bergeat 
describes the eruptions and collapse of crater walls in Vulcano 
{ikid., 1920, 89-103). 

Dr. H. S. Washington discusses the origin of plateau- 
baiialts as exhibited in the enormous basalt floo<b of the Deccan, 
Columbia region of the United States, the Atlantic-Arctic region, 
and others, in a paper containing numerous new analyses bl 
these petrographically neglected rocks {Butt. Amer. Geol. Sbc., 
St, 1922, 765-^4). Chemically and mineralogically, plateau- 
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basalts are remarkably uniform. They are usually high in 
iron, especially ferrous iron ; but relatively poor in magnet# 
and lime as compared with the basalts emitted from the cenlanl 
cone type of volcano. The high iron content is regarded as 
the cause of their great fluidity, since slags rich in iron are 
much more liquid than other types. 

C. L. Baker has found that the great basalt region of tdie 
Parana basin, covering parts of South Brazil, Paraguay, 
Uruguay, and North Argentina, is probably the largest in the 
world {Jour. Geol., 81 , 1923, 66-79). The area of basalt 
flows is at least 300,000 square miles, and their volume is esti¬ 
mated at 50,000 cubic miles. A further area of 75,000 square 
miles along the eastern margin of the field is believed to have 
been formerly covered with basalt. Hence the total area of 
basalt is 375,000 square miles. The sedimentary rocks beyond 
the basalt region are riddled by dolerite dykes and sills. The 
age of this enormous eruptive episode is most probably Jurassic. 

W. A. Richardson critically reviews Prof. R. A. Daly's 
theory of the origin of granitic batholiths {Geol. Mag., 6 ^ 1923, 
121-8). He considers that the facts of isostasy are fatal to 
the view of the injection of abyssal wedges of basalt, which 
would increase the density of the crust under erogenic regions. 
Richardson then outlines a theory of batholithic origin by 
mechanical stoping which harmonises with isostatic conditions. 
Slight oscillation after the main upward movement oyer an 
orogenic belt would result in the intrusion of the postulated 
granitic shell, and would give all the characteristic features of 
batholiths. 

From his studies of granite massifs in South Africa, Bavaria,* 
and elsewhere, H. Cloos {Neues Jahrb., Beil. Bd., 48 , 1918, 
420-56; Naturwiss,, 11, 1923, 7-10) concludes that these 
masses, while preserving all the characteristic features of 
batholiths, are not bottomless as generally assumed, but rest 
on a non-granitic foundation with a more or less horizontal 
junction plane. 

In his work on contact phenomena between gneiss and 
limestone in western Massachusetts {Jour. Geol,, 80 ^ 1923, 
265-94) P- Eskola shows that there has been consi#rabIe 
assimilation of limestone by igneous gneiss, with the produc¬ 
tion of lime-bearing silicates, especially clinopyroxene (diopside- 
hedenbergite) and titanite. It is also shown that the relative 
amount of magnesia to ferrous iron in the chief mafic minerals 
increases with the total quantity of those minerals. Umi 
these rocks exhibit a parallelism to the results of differentiation 
in an igneous series. This comparatively rare t3rpe of contact 
action seems to occur in regions where gneissic magmas lusvo 
been intruded in connection with mountain folding. 
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C. £. Tilley has investigated the natural assemblages of 
minerals belonging to the system magnesia-alumina-silica under 
thermal metamorphism, and has compared them with the 
assemblages obtained in the pure dry melt system MgO-Al,Og- 
SiOt studied by Rankin and Merwin {Geol. Mag., 1923, 
101-7). The chief differences are due to the partial replace¬ 
ment of magnesia by ferrous iron in the natural rocks, and to 
the appearance of other phases such as plagioclase, orthoclase, 
biotite, etc. Enstatite appears in the rocks instead of clino- 
enstatite, and often andalusite in place of sillimanite. 

Glaciation. —Prof. W. H, Hobbs has published further 
studies of the cycle of glaciation {Jour. Geol., 29, 1921, 370-86). 
He deals with the cycle of mountain glaciation in moderate lati¬ 
tudes, the transition between the mountain glacier and the 
ice cap, and the glacial cycle on the margins of the continental 
glacier of Antarctica. 

As a result of a study of Spitsbergen glaciers, the writer 
{Trans. Geol. Soc. Glasgow, 17, pt. 2, 1922, 1-49, 13 pis.) has 
been led to propound a new classification of glaciers based on 
the different development of glacier form, motion, accumula¬ 
tion, and wastage, in regions of high relief as compared with 
those of low relief. Other topics dealt with are the incidence 
of glaciation in Spitsbergen in relation to meteorology and 
topography, advance and recession of Spitsbergen glaciera, the 
formation of boulder clay, the earlier (Pleistocene) glaciation, 
and some erosional effects of past and present glaciation. 

C. J, Gregory describes the parallel roads of Loch TuUa 
Ubid., 91-104), of which there are five, the uppermost three 
forming a closely connected group. The explanation given 
follows that accepted for the better known and better marked 
ewe of Glen Roy. During the retreat of the ice the district 
about Loch Tulla was occupied by a lake held up by an ice 
barrier, which was lowered in two minor and at least three 
major stages, forming beaches during each pause. 

VXJJTT VXTtXOXiOOT. Bv Prof. Walter Shles. M.A., S&D.. Uni¬ 
versity College, Reading (Plant Physiology Committee). 

Carbon AssimilaHon .— Considerable advances in our knowledge 
of jphotosynthesis have been made since this subject was last 
reviewed in these pagjes three years ago, the most noteworthy 
contributions emanating from the Botany School in Cambrids^ 
and from the Institute of General Physiology in Strasbourg. 
In the former institution the researches on vegetable assimilhtion 
and respiration carried out under the gener^ direction of 

F. F. Blackman have been continued by A. J. WiUnott and 

G. E. Briggs. Wilmott (“ Assimilation by Submwged Plants 
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in Dilute Solutions d Bicarbonates and of Acids : an Improved 
Bubble-counting Technique,” Proc. Roy. Soc., B, 90» i 04 r^fi 
1921) has described an apparatus by means of which the rate of 
assimilation of water-plants can be determined satisfactorily by 
counting the bubbles of gas given off from the immersed pmnt. 
This method, the “ bubbling method,” dates from the work of 
Sachs, but has always proved most unsatisfactory for quantita¬ 
tive work. By means of a specially constructed glass cap 
or ” bubbler ” Wilmott has succeeded in obtaining a continuous 
stream of bubbles of uniform size from the assimilating plant, 
and so has eliminated one of the greatest drawbacks of the 
bubbling method, namely, the lack of uniformity in the size 
of the bubbles. By the use of his improved technique Wilmott 
showed that the apparent increase in rate of assimilation 
observed by Treboux, when acid is added to the water in which 
a water-plant is immersed, is due to the liberation of carbon 
dioxide from calcium carbonate present on or in the surface 
of such plants growing in chalky water. Some data were 
obtained relative to the relation between carbon-dioxide 
concentration and rate of assimilation, and it was found 
that the relation conforms to that demanded by Blackman's 
Law of Limiting Factors. 

Briggs has followed the development of photosynthetic 
activity of leaves during the growth of the seedling (” The 
Development of Photosynthetic Activity during Germination,** 
Proc. Roy. Soc., B, 91, 249-68, 1920). He found that in the 
seedling leaves of Phaseolus vulgaris, Vida faba, and Avstta 
saliva the photosynthetic activity is zero or very small foar 
some time after the appearance of the leaves, and then increases- 
day after day. Even when further development qf chlorophyU 
is inhibited, the photosynthetic activity continues to increase. 
The conclusion is therefore drawn that there is present in the 
assimilating cells some factor other than chlorophyll which is 
necessary for assimilation to proceed, and this factor develops 
with age of the leaf but lags behind the development of 
chlorophyll. 

In a later communication (” The Development of Photo¬ 
synthetic Activity during Germination of Different Types of 
Seeds,” Proc. Roy. Soc., B, 9^ 12-19, 1922) Briggs extends hhi 
observations to a number of other species, ^om the point 
of view of their germination the species considered fall into four 
groups. The first group contains plants in which the cotyledons 
are storage organs and subsequently become the first assiimlating 
organs of the seedling ; to this group belong HsliatUkus, 
and Cucurbita. In this group of plants it is found that th{S^ 
is no such lag between the development of chlorcmhyll pid 
photosynthetic activity as is shown by Phassolus ; with greeniQf 



PLANT PHYSIOLOGY 39 

of tbo loaf its assimilatory apparatus appears to be complete. 
In tiM second group the cotyledons are storage organs, but do 
not tarn green and assimilate ; to this group belonra Phaseolus, 
the photosynthetic behaviour of the seedling of which has 
almemy been discussed. In a third group, which includes 
Ricinus, the food reserve is stored as endosperm while the 
cotyledons become the first assimilating organs. Plants of 
this group behave as Phaseolus in regard to the development of 
ph^osynthetic activity in the seedling. Finally, in a class 
which includes cereals such as maize and barley, the food reserve 
is stored as endosperm, but the first foliage leaf is the first 
ass^ilating organ. In this group also the development of 
assimilatory activity is similar to that in Phaseolus. There 
are_ thus two types of seedling in regard to development of 
assimilatory activity : the '* Helianthus type ” where the first 
assimilating organ is also a storage organ, in which the photo- 
S3mthetic activity is fully developed at germination, and the 
“ Phaseolus type ” where the seedling develops a specialised 
photosynthetic organ different from the storage organ, and in 
which photosynthetic activity is not developed until some time 
after germination. 

In a further contribution Briggs records the results of experi¬ 
ments on the effect of deficiency of mineral salts on the rate 
of assimilatiori (“ The Characteristics of Subnormal Photo¬ 
synthetic Activity Resulting from Deficiency of Nutrient 
Salts,” Proc. Roy. Soc., B, 9 i, ao-35,1922). Plants of Phaseolus 
vulgaris were grown in a series of water culture solutions devoid 
of one or other of the necessary nutrient salts. It was found 
that plants grown under such conditions always possessed a 
lower assimilatory activity than plants grown in a full nutrient 
elution but otherwise under the same external conditions, nor 
did it matter whether light or temperature was the limiting 
factor. A second point of interest is, that the assimilatory 
adavity of a plant grown in full nutrient solution was found to 

less than that of a plant grown in soil, but otherwise under 
the same external conditions. 

The fact that the same results are obtained whether light 
OT temperature is limiting is particularly interesting, as it 
indicates that both the chemical and photochemical phases 
or the assimilatory process are depressed in an incomplete 
cWture solution, as when light is the limiting factor the 
photochemical phase limits the rate of assimilation, and when 
tmperature is the limiting factor the ch^ical phase limits 
the rate of assimilation. Still more interesting is the fact? that 
c^h phases show the same amount of depression under the 
Mme conditions. This result can be explained if it be supposed 
twt the seat of the photosynthetic process is the surface of the 
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diloroplast, a very cmedible supposition, or, rather, what 
calls the “ reactive surface " of the chloroplast, which, bearu^ 
in mind that we are dealing with heterogeneous systems, need 
not necessarily be identical with the visible surface of the 
chloroplast. Any change in this reactive surface would result 
in a change in the rate o? assimilation whether light or tempera¬ 
ture were limiting, as it would result in change in the light- 
absorbing surface, and equally a change in the extent of the 
reactive surface over which the chemical action would proceed. 
This view is not only credible, but is probably the one generally 
held by plant physiologists. 

Contradiction of the correctness of the theory of limiting 
factors comes from R. Harder (“ Kritische Versuche zu Black¬ 
mans Theorie der ‘ begrenzenden Faktoren bei der Kohlen- 
s&ureassimilation,’ ” Jahrb. /. wiss. Bot., 60, S3*~7ii *92*)* 
The assimilation of Fontinalis, Cinclodotus, and Cladophora was 
■ measured using as a source of carbon dioxide potassium bicar¬ 
bonate in the water containing these water-plants. Experi¬ 
ments were performed in which only the concentration of carbon 
dioxide was varied and in which only the intensity of illumination 
was varied. In either case it is stated that the rate of assimila¬ 
tion increases with increasing value of the factor according to 
a logarithmic relation. When two factors are varied, the rate 
of assimilation is stated to depend on the value of both factors, 
and not simply on the one present in the minimum, but that a 
change in the value of the factor relatively in the minimum 
produces a greater effect than an equivalent change in the 
value of the relatively stronger factor. These experiments 
should be repeated with other methods for measuring 
assimilation. 

The important work of Wurmser deals mainly with the effect 
of light of different wave-lengths on photosyuthetic activity. 
Thus the rate of bleaching of chlorophyll was compared 
quantitatively in different regions of the spectrum (“ Action sur 
la chlorophylle des radiations de diff^rentes longueurs d’onde,” 
Comp, rend, acad. set., 170, 1610-12, 1920) and the absorption 
of energy in the different regions measured with a thermopile. 
It was concluded that for equal absorption of ener^, red and 
blue lights are equally active in bringing about leaching of 
chlorophyll. With changing wave-length the photochemical 
sensitivity and coefficient of absorption change in the smne 
direction. 

In another communication (“ L’action des radiations dke 
diffi^rentes longueurs d’onde sur rassimilationchlorophyllienne,^* 
Comp. rend, acad, s«.,171,82o-a, 1920) the rate of assimilation 
by gmn and red alg» in different-coloured lights was examin^ 
the intensity of incident illumination being measured by its 
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rate of destruction of a chlorophyll solution, the amount of 
energy absorbed by the spectrophotometer, find the rate of 
assimilation by indicator changes in the sea-water containing 
the marine alga used. It was found that in the green alga 
the secondary maximum of assimilation occurred in the blue, 
wHle for the red alga this secondary maximum is in the green. 
In relation to the quantity of energy absorbed, photosynthetic 
activity appears to be greatest in the green, where, of course, 
absorption is least. The explanation put forward of this is that 
where absorption is feeble the energy is distributed over a 
greater depth, and consequently active mass, of protoplasm. 

An interesting observation on the photosynthesis of red 
algse has been made by Wurmser and Duclaux (“ Sur la photo- 
synthtee chez les algues florid^es,” Comp. rend. acad. set., ITU 
1^31-3, igzo). It was observed that red algal plants growing 
near the surface of the sea are often greener than those growing 
at lower depths. The greener forms were found to assimilate 
at only about one-third the rate of the redder forms, other 
conditions being the same. Estimation of the pigments, how¬ 
ever, showed that the greener forms contain only about one- 
third of the chlorophyll contained in the fully red forms, 
the destruction of the red pigment in the stronger illumination 
being accompanied with a corresponding destruction of 
chlorophyll, although the amount of the yellow pigments is the 
same in both the surface and demer growing forms. The 
reduced rate of assimilation in the former is thus due simply 
to the reduction in the quantity of chlorophyll. 

Observations on photosynthesis in marine algse have also 
been made by B. Moore, E. Whitley, and T. A. Webster 
C* Studies of Photosynthesis in Marine Algse : (i) Fixation of 
C^bon and Nitrogen from Inorganic Sources in Sea-water; 
(a) Increase of Alkalinity of Sea-water as a Measure of Photo¬ 
synthesis," Proc. Roy. Soc., B, 92, 51-60, 1921). These writers 
performed experiments vnth Enteromorpha compressa which 
they hold to indicate that in sunlight this alga assimilates more 
nitrogen than is contained as ammonia, nitrate or nitrite in 
the sea-water in which the alga is immersed. It is therefore 
concluded that free nitrogen as well as carbon dioxide is 
assimilated by this plant in sunlight. 

R. Leg^endre (“ Influence de la salinite de I’eau de mer sur 
I’assimilation chlorophyllienne des algues," Comp. rend. soc. biol., 

2aa-4, 1921) has also made measurements of the assimila¬ 
tion by some marine algse, namely, Uha lactuca and Fucus 
serrOitts. He comes to the conclusion that, with decreasing 
density of the sea-water, photosynthesis increases until a 
maximum is reached with a density of loio ; with further 
decrease in the density of the sea-water photosynthesis decreases. 
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The significance of this result is not clear, but the daithor 
suggests that possibly the content of carbonate and bicarbeau^e 
may be of importance in determining this state of affairs. 

A number of observations have been made during the |il*t 
three years op the assimilation of plants growing under natural 
conditions. ■ Thus F. T. McLean (“ Field Studies of theCarbim- 
dioxide Absorption of Coconut Leaves,” Ann. of 
367-89, 1930) measured the assimilation of carbon dioxide 
by leaves of the coconut in the field by determination of the 
amount of carbon dioxide absorbed. He found that the rate 
of absorption appears to be at a maximum at the beginning of 
the day, it then decreases during the morning, reaching a 
secondary minimum about midday, rises in the afternoon, 
and then decreases to zero in the evening. Detached leaves, 
on the other hand, exhibit a maximum absorption in the 
middle of the day, and low values in morning and evening. 
The author is of opinion that external conditions do not account 
for the decrease in assimilation in the middle of the day, and 
is inclined to attribute the result to a change in the internal 
conditions in the leaf. For the same area of leaf, middle>aged 
leaves absorb more carbon dioxide than either young or old 
leaves. Thus young leaves absorbed up to 25 mg. of carbon 
dioxide per hour, while middle-aged leaves absorbed up tp 
88 mg. and old leaves up to 28 mg. carbon dioxide per hour. 

M. G. St&lfelt (” Ljuset i frukttradkronorna,” Pomologisk 
Arsskr., 125-36, 1920) measured the assimilation in sun and 
shade leaves in a number of fruit trees. He records a maximum 
rate of carbon-dioxide absorption in sun leaves of 500 to 600 mg. 
per sq. metre per hour, and in shade leaves of 300 to 400 mg. 
per sq. metre per hour, rates of assimilation considerably greater 
than those recorded by McLean for coconut, but about the same 
as those found by McLean for sugar-cane. In a later investiga¬ 
tion Stdlfelt continued his investigations on absorption of 
carbon dioxide by sun and shade leaves, using difierent 
intensities of illumination (” Till KSnnedomen om FOrh&Uandet 
mellan Solbladens och Skuggbladens Kolhydratsproduktion,'* 
Medd.f. Statens Skogsfdrsoksanstali, Stockholm, 221-80, 1921), 
The chief result of these investigations is to show that witk 
increasing illumination the rate of assimilation increases, 
so that the maximum rate of assimilation in the open air is 
only reached with full sunlight. 

An investigation on somewhat similar lines has been made 
by H. Lundeg&rdh (” Ecological Studies in the Assimilation 
of Certain Forest Plants and Shore Plants,” Svensk boi, Tid0kif.j 
15,4^5, * 9^ I). When the carbon-diOxide concentralaon laia 
that in normal air, it was found that with increasing lig^ 
intensity the assimilation by ^hade plants inaeased moTO oi' 
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lessin proportion to the intensity of the light up to an intensity 
of Rumination of about one-tenth of full sunlight, above 
wbii^ intensity of iUuinination no further increase in illumi- 
naiion took place. In one case, however, that of a species of 
Na^rtium, a curve of more logarithmic form was obtained. 
When light was kept constant and carbon-dioxide supply 
varied, it was found that the rate of assimilation increased with 
increasing carbon-dioxide concentration up to a value 
determined by the intensity of illumination. In some cases 
there was found to be direct proportionality between carbon- 
dioxide concentration and rate of assimilation ; in other cases 
the assimilation increased at a slower rate than the carbon- 
dioxide concentration. Among shade plants Oxalis was found 
to have the greatest maximum assimilating capacity, which 
accounts for its ability to flourish in very low intensities of 
illumination. 

Boysen Jensen (“ Studier over Stofproduktion i Skov,” 
Dansk Skovforen. Tidsk.f Copenhagen, 306-36, 1921) concludes, 
as does Lundeg&rdh, that the maximum assimilation of plants 
growing under natural conditions is exhibited in light intensities 
well below that of full sunlight, the maximum assimilation of 
forest trees being reached in an intensity of illumination of 
5*35 per cent, that of full daylight. 

A number of recent contributions deal with the supposed 
actions in the leaf that make up the assimilatory process. The 
formaldehyde hypothesis, as usual, has received considerable 
attention. The fact that there is no production of any 
recognisable quantity of formaldehyde in the leaf has received 
further support from the work of Maz6 (*' Recherches sur 
I'assimilation du gaz carbonique par les plantes vertes,” Comp, 
rmd. acad. set., 171,1391-3,1920) and H. Molisch (" tfber die 
angebliche Entwicklung von Wasserstoffsuperoxyd bei der 
K<mlens&ure-assimilation,’' Bioehem. ZsitscM., 185, 257-61, 
S921), neither of whom has been able to And a trace of form¬ 
aldehyde production in green leaves. An elaboration of the 
formaldehyde hypothesis has, however, been put forward by 
£. C. C. Baly and 1. M. Heilbron (Jour. Chem. Soc., 119, 
1025, 1931; Jour. Soc. Chsm. Jnd,, 40 , 377-9, 1931, 
and eteewhere) based on in vitro experiments on the production 
of fomaldehyde from an aqueous solution of carbon dioxide 
kept in a state of agitation in ultra-violet light or in ordinary 
lignt in presence m malachite gpreen. The confidence with 
which Baly (" Photosynthesis," Rep. British Ass, Hull Meeting, 
1922, 395) states that the photochemical conversion of carbtmic 

into formaldehyde " fonns the true key industry of all 
life " is unUkely to be shared by plant physiologists who are 
ini^reiied with the vast difference between the condiiioins in 

3 
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the assimilating cell and those in a test-tube. Another theory 
of assimilation has been put forward recently by Mazi6 Sur 
le m^canisme chimique de I'assimilation du gaz carbonique piar 
les plantes vertes,” Comp rend. acad. set., 178 * 173-S, *9ai)i 
who suggests that hydroxylamine plays a fundamental part 
in bringing about the reduction of carbon dioxide in green 
leaves, and reactions are suggested in which hydroxylamine 
takes part in the chemical or photochemical reduction of 
carbon dioxide with formation of glycollic aldehyde, which 
Maz^ has found to be present in green leaves. Such speculations 
are, of course, only profitable in the present state of our 
knowledge, in so far as they lead to further experimental work. 

AVTKSOTOXAOT. By A, G. Tbackbr, A.R.C.S.. Zoological Labora¬ 
tory, Cambridge. 

During recent years there have been several important addi¬ 
tions to the anthropological periodicals published in England, 
and among these newer journals much favourable attention 
has been attracted by the Annals of Archeeology and Antkro^ 
pology, which are issued several times a year (not strictly quar¬ 
terly) by the Liverpool Institute of .Axchseology (University 
of Liverpool). The Annals are edited by Mr. T. E. Peet, and 
have a tendency to specialise mainly on the strictly archaeo¬ 
logical side of anthropology, the papers dealing mainly with 
Neolithic or late prehistoric times, or even early historic times. 
Thus contributions appearing in vol. ix (1922) have treated 
of such subjects as the “ Influence of Egypt on Hebrew Litera¬ 
ture," and " Megalithic Architecture in the Western Mediter¬ 
ranean,” and the " Oxford Excavations in Nubia." On this' 
last subject there has been a series of contributions by Mr. 
F. L. Griffith, the last instalment being published in vol. ix, 
pte. 3 and 4 (December 1922). These article are, of course, 
primarily a record of the research which was accomplished, 
and as such then first interest is for the professed archseolqgist, 
but that widenir^ circle of readers who—without being paro- 
fessed archxologists—have some acquaintance with the 
antiquities and ancient history of North Africa will also find 
much t^t is instructive in this account of the investigations. 

s article published in December last deals chiefly 
with the results of r^earches at Napata, near Merawi, where 
remains of the Ethiopian-Libyan line of kit^ were found, 
dating from the eighth, seventh, and sixth centuries B,c. Not 
a great deal appears to be known of Napata in the earlier 
nsnods of Egyptian history, though Mr. Griffith states that 
the tovm was the " Ethiopian frontier-station " in the Eigh¬ 
teenth D3ma8ty. But it became prominent later. " Notmug 
more ^ known of Napata in histoiy' until it comes jnto pirot 
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Qlinence in the eighth century b.c, as the seat of the Ethiopian 
dynasty of kings (Libyan in origin, according to Reisner), who 
when Egypt was divided against itself first dominated the 
Upper country, then ruled as Pharaohs in Thebes and Memphis 
for fifty years, and finally, excluded from the enlightened 
regions beyond the First Cataract, shrank back into barbar¬ 
ism.” Mr. Griffith’s account is illustrated by a splendid array 
of plates. 

The Proceedings of the Prehistoric Society of East Anglia 
for 1921-2 (vol. iii, pt. 4) fully maintains the high level of 
interest reached by earlier numbers of this journal. Of the 
numerous contributions, perhaps the most significant is a brief 
article by Major E. R. Collins entitled, “ The Discovery of 
an Early Palaeolithic Implement in Yorkshire.” It will be 
remembered that it has always been doubtful how far north 
in England the typical river-drift implements extend, and 
the opinion has been put forward that in Early Palaeolithic 
times the climate of the North of England was too inhospitable 
to permit of occupation by man. This contention can no 
longer be supported. The implement described by Major 
Collins is a typical Chellean artefact composed of black chert; 
it WM found in the Upper Nidderdale, just within the border 
of the West Riding. Other specimens, of less definite form, 
hut almost certainly artefacts, were also found. Major Collins 
remarks : “ The fact that the fauna connected with the Chel¬ 
lean Period has been found in Yorkshire has been apparently 
overlooked ; the best examples of which were found in the 
famous Kirkdale Cave, and also in Victoria Cave, Settle, 
living the climate of that period to be warm throughout 
inland.” Another article requiring special mention is by 
Hazzledene Warren and is entitled, ” The Mesvinian Industry 
of Clacton-on-Sea, Essex.” The Mesvinian implements (which, 
as the reader may remember, hre very early Palaeolithic) were 
found in the Elephas antiquus bed at Clacton, the associated 
fauna being of the warm type and including Rhinoceros merckii. 
The flora indicated a climate somewhat warmer than that of 
the present day. Mr. Warren throws out the suggestion that 
the Mesvinian industry was the precursor of the Mousterian, 
but was probably not connected with the Chellean or Acheulean. 

The following papers may also be noted : 

Iq the JoumeU of the Royat Antkropote^iU tnsRMe (vol. Ill, July- 
December 1932): ‘'^L’oeuvre ontbropologique do Prince Albert 1” de 
McMtaco et lee rScents progrto de la FaUontdogie huauUne «n France*' 
(being the Huxley Memorial Lecture for 1933), by A^celUn Boole; also 
f* ‘Ibe EUmology of Malta and Goso," by L, H, D. Buxton; also *' Tito 
Onlt cd the Dead in Eddystone of the Solomons,” by A. M. Hocart- And 
fa Proti PnkUt, Soe, B. Anglia, vol. iii, pt. 4: “Prehistorio Cooking 
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Places in Norfolk " (being the presidential address); by Miss Nina F. IJkjjWid ; 
also ” A Series of Ancient ' Floors ’ in a Small Valley near Ipswich," ^ ). 
Beid Hoir. And in the American Journal of Physical Anthropolofy, Wi. v. 
No. 3 (July-September 1922) : " Climate and Race as Factors infinsAc^ig 
the Weight of the Newborn," by Helen Brenton. 

MSDICZVX. By R. M. Wilson, M.B., Ch.B. 

The Twort-D'Hirelle Phenomenon. —Great interest continues 
to be manifested in the discovery which is now known as the 
Twort-D’Hdrelle Phenomenon. This phenomenon consists of 
the lysis of bacterial cultures, evidenced by clearing of a 
bouillon culture in which is growing another organism to which 
D’H^relle has given the name " microbe bacteriophage.” In 
other words, it is assumed that organisms—of an ultra-micro¬ 
scopic type—exist which attack other organisms. The evidence 
on the point is now considerable. In 1915 Twort published 
a paper entitled ” An Investigation on the Nature of Ultra- 
microscopic Viruses,” in which he described how, in agar tubes 
incubated at 37° C. for 24 hours, some colonies of a micrococcus 
cultured from vaccine virus became so altered that subculture 
was impossible. If kept they grew glassy and transpm^nt. 
This glassy material consisted only of granules. If, E^ain, a 
little of it was added to a pure culture of the micrococcus, the 
growth at the point of contact also became transparent and the 
transparency spread over the whole culture. This glassy 
substance remained active when diluted one part in a million 
and passed through porcelain filters. On cultures wfaidi 
had been previously killed by heat the transparent substance 
had no effect. It was itself killed by a temperature of 60* C. 
for one hour. 

D’H^relle was unaware of Tworts’ work when he published 
in 1917 his first paper on the subject. It was evident, however, 
that he was dealing with the same phenomenon. Since 1917 
many other observers have found the phenomenon, but there 
is by no means general agreement as to its character. Thus 
it is stated in Medical Science : 

” Twort was content to make several suggestions but settled 
upon none. D’H^relle, from the commencement of his publica¬ 
tions, has maintained that the active agent is a living filter¬ 
passing ' microbe bacteriophage.' Bordet (1921) believes that 
It is an autolytic enzjrme produced by the bacteria. Kabeshima 
(1920-2) looks upon the active agent as a catalyst that causes 
micro-organisms to produce autolytic ferments, these in thi^ 
turn acting as catalysts to other micro-organisms.” 

The origin, then, of the ” active substance ” is unknown. It 
is, however, certain that it proceeds from animal cells. D’H6rdls 
obtained it from the feeces of patients with dysentery and £roii| 
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the laine and heees of a patient with typhoid fever. He 
aho obtained it from the stools of healthy people and found it 
in the sea-water at Marseilles and Alexandria. He thinks it is 
normally present in the intestines of many animals. It has been 
obtained from manure, from samples of earth, from a sewer, and 
from the River Seine. The active principle has never been known 
to develop spontaneously in a culture. It increases in bouillon, 
but only when living bacterial cultures are also present. 

Some organisms resist the lytic action. Thus, Gratia, 
working with a normal culture of B. colt, found that there were 
two forms of bacillus present—those resistant (“ R ”) and 
those sensitive (“ S ”) to the active substance. These forms 
were subculturea and maintained their special characteristics. 
“ S ” grew more quickly in an artificial medium and was 
non-motile ; “ R ” grew more slowly and was very motile, 
was less easily dealt with by phagocytes and was more virulent. 
The (question as to whether—granting that the active substance 
is a living organism—one type only or many different types of 
bacteriophage exist is also unanswered. D’H^relle believes 
that there is only one type ; but other workers disagree with 
him. 

Meanwhile, Fleming and Allison have carried through 
some “ Observations on a Bacteriolytic Substance (‘ Lysozyme ’) 
found in Secretions and Tissues ” {British Journal of Expert- 
menial Pathology, 1922, 8, 252). They find that, with some 
exceptions, all secretions and tissues of animals and some 
of vegetables contain a powerful bacteriolytic agent. The 
action of this substance is specially exerted on certain non- 
pathogenic bacteria, and “ in all probability it is the cause 
of such bacteria being non-pathogenic.” The substance is 

f resent in tears, nasal mucus and sputum, and in cartilage, 
t is present in large quantity in egg white. It differs, however, 
from the bacteriophage of D’H^relle in that it cannot be 
transmitted in series. 

The Recurrence of Influenza ^—The appearance of influenza 
at the beginning of March, after a complete absence during 
the whole winter, furnishes a new and striking confirmation 
of the suggestion of Brownlee that this infection shows a 33-week 
pcsiodicity. The epidemic of 1921-2 began about the middle 
of November, but did not reach its height till the second week 
of January. The present epidemic was therefore “ due" 
towards the end of February ^66 weeks later). The death-rate 
for influenza in London rose, in point of fact, in the last week 
of February, reaching 5^ per week some weeks later. During 
January it had not exceeded 10 or is. The epidemic was 
mild, as might have been anticipated in view of its qccurrence 
so late in the season. A number of questions, however, force 
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themselves on the mind : If this periodicity is correct, vrhat are 
the circumstances which determine it? These cannot be 
meteorological nor yet entomological, since a 33-week period 
corresponds to no known weather or insect cycle. Again, is it 
possible that influenza possesses a cycle of its own which is 
carried out in the blood-stream ? This would account for the 
fact that warm-weather recurrences are free from the symptoms 
we usually speak of as “ influenza ”—coryza, bronchitis^ 
pneumonia—these being superimposed conditions which 
necessitate cold weather for their development. The subject 
is one of great interest and importance and merits intensive 
study. 
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INDETERMINATE EQUATIONS OF THE 
THIRD DEGREE 


By L. J. MORDELL 
UnivinUy of ManehosUr 


A GENERAL account of the more important results, indicating 
briefly the salient ideas involved in their proofs, and their pre¬ 
sentation in such a way, it is hoped, as to be intelligible to those 
interested in Mathematics generally, will be given in this ^say.‘ 

§ I. We shall deal primarily with equations in two variables, 
and shall consider equations in three variables only in so far 
as their study has been useful or necessary for our purpose. 
The numerous equations with which we are concerned can be 
very conveniently grouped into three classes leading to three 
types of problems which we can refer to as the A, B, C types 
and introduce by taking very simple questions in each group. 

One, which is of the type B, is to find all the integer solutions 
of the equation 

y* - *• + 17. (i) 

A number of these, including some which are obvious by 
inspection, are given by the table 


X 

-2 

-I 2 

4 

8 

43 

52 

5 .2 34 

y 

3 

4 5 

9 

23’ 

282 

375 

378,661 


and suggest that there are an infinite number of integer solu¬ 
tions. 

The next, which is of the type A, is to find all the rational 
solutions, no longer restricting ourselves to integer values of 
the unknowns, e.g., 


the method of finding 
incite number of sud 



iiZ, y 

64’ ^ 


512 ' 


them apparently indicating 
solutions exist. It is much 


that an 
easier to 


The sabstaooe of this paper formed a lecture deliveced before the ICea- 
dweter Mathematical Socie^ in October xgas. Ample references srill be 
fouad in vol. ii of Dickson’s History of tk$ Theory of Numbort, 

39 
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find rational solutions than integer ones, though not appai^ntly 
so in our particular example. 

The third type C is to find all the integer values of x, y, 0, 
where x is prime to y, satisf3ring 

«•-*•+ ■ (2) 


X 

2 

8 

11 

65 

71 


I 

- 7 

37 

56 

- 23 

g 

3 

13 

228 

671 

588 


It is obvious that any number of rational solutions are given 
by 

P Q 1 

p* + qt> y p% qt> " p* + q* 

where p and q are any rational numbers. 

§ 2. The most general equation of the type A is to find all 
the rational solutions of the equation* 

F {x, y) - 0 (3) 

where F represents a non-degenerate cubic curve, or using 
homogeneous co-ordinates, to find all the integer solutions of 

f{x, y,e) ^0 (4) 

where / represents a homogeneous ternary cubic in x, y, 0, so 
that the distinction beteeen rational and integer solutions is of 
no importance. Included in this type are the rational solutions 
of the equations 

y* - 4*' -g^ -gt (S) 

ey* - ax* + bx* + cx + d (5a) 

m «» ax* + bx*y + cxy* + dy* (6) 

and the integral solutions of 

ax* + by* + C0* + dxye - 0 (7) 

including as particular cases 

ax* + by* + ce* -> o (8) 

*• + y* - - 0 (9) 

It may be noted that the solution of equation (4) is really 
equivalent to the question of finding the rational solutions of 
the equation 

y* - ax* + + cjc* + d* + « (10) 

or in a homogeneous form to find all the integral solutions of 

e* “» ax* + bx*y + cx*y* + dxy* + ey* (ii) 

* There is no loss of generality in supposing that all the eoefficfeots Ot 
the vbhoub equations in this paper are integers. 
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Tile most important results are that if the equation (4^ is 
unicursal, i,9, the cubic curve given by (4) has a double point, 
all the integer solutions can be found by expressing x, y, t as 
rational functions of a parameter.* If, however, it is of genus 
unif y,* as is the case in general, all the solutions can be ex> 

E ressed rationally in terms of a finite number by a classic process, 
ut we still require a theoretical limit to the magnitudes of the 
unknowns in the fundamental solutions. 

llie (B) question is to find all the integer solutions of the 
equation (3). It is most likely there are only a finite number, 
and this has been proved for equations (5a) and (6). 

The last question (C) is to find all the integer solutions with 
X prime to y of the equations 

s* » a*‘ + bx*y + cxy* + dy* (12) 

8* •=• ax* + hxy + cy* (13) 

The complete solution of (12) is given by 

*-/i 9) 

where A and /g are a finite number of binary quartics in p, qi 
while for (13) the same result holds if /j,/, are cubics. 

§ 3. The present topic, apart from its own great intrinsic 
interest, is of considerable importance in the History of Mathe¬ 
matics. Various aspects of it have suggested themselves for 
several thousand years both to the mathematician and to the 
tyro ; not only because of the simplicity of enunciation, but 
1^0 because it appeals to the natural curiosity of persons who 
have anything at all to do with numbers. Indeed it seems 
almost impossible that there could have been a mathematical 
renaissance in the seventeenth centiuy without a display of 
great interest in such questions fo which, even in recent times, 
many jpersons owe their fondness for mathematics. 

It is, however, very characteristic of the Theory of Numbers 
that these questions, which suggest themselves so easily, should 
prove very difficult. Their intractability may be judged from 
the fact that it was only several hundrea years after the seven¬ 
teenth century that the principles necessary for progress were 
discovered, and even then these were not appli^ till recent 
years. 

In the meantime more communications, mostly unimportant, 
have been published upon Diophantine Analysis than upon 
perhaps any other branch of mathematics. In fact, their 

* Ibis was proved by Hilbert and Hurwitsta 1890, and will not be r^rred 
teagaia. 

* That is, the curve (4) has no douUe point. 
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Bttmber has been so great as to embarrass seriously those engaged 
in compiling a history of the subject. 

"nie rational solution of equation (lo) had been proposed 
as a prize problem in 1865 by the Academy at Rome; 4Emd 
mathematicians had frequently emphasised the lack of TOy 
general results. In 1900, at the International Mathematical 
Congress at Paris, Hilbert noted that the solution of the general 
Diophantine Equation was still to be found. 

Our subject gives rise to several thoughts. It illustrates a 
great change in mathematical fashions, as it was perhaps as 
much a part of the Algebras of the eighteenth and early nine¬ 
teenth centuries, as graphs are at present. But progress was 
stopped at an early age, and the many epoch-making discoveries 
of the nineteenth century were sufficient to direct the interest 
and eneigy of many mathematicians to more fertile ground. 

It also shows the danger of mathematical prophecy, as only 
two years ago I wrote that “ the prospect of any immediate 
solution of such a problem (A) appears almost as remote now 
as that of discovering any Imowledge concerning the ch^ical 
constitution of the stars must have appeared in 1800. Finally, 
it is very surprising that a step which now seems so simple 
and natural should have proved so very difficult to find, and 
that its discovery should be due to one of those fortunate 
accidents which are only too rare in the history of mathematics. 

S 4. The real history of the subject dates from Bachet and 
Fermat in the early part of the seventeenth century. Before 
that time, only isolated results had been discussed, and very 
few general statements had been either enunciated or proved. 
One of the oldest results was stated by Diophantus (third cen- ‘ 
tury A.D.) without proof ; namely, that any number which is* 
the difference of two cubes can be expressed as a sum of two 
cubes. Then some time before a.d. 972, the Arab Alkhodjandi 
gave a defective proof that the sum of two cubes could not be 
a cube. The classical problem of the duplication of the cube 
suggests, however, an older history for questions involving 
cubes. Finally, an anonymous Arab MS. of a date before 
A.D. 972 contains the problem, given k to fed x so that x* ± k 
are both squares. This may have been derived from the Hindus, 
who were acquainted with Diophantine Analysis from an early 
age. Some attention seems to have been paid to questions of 
this kind which were discussed by the Arab Mohammed 
Alhocain of the tenth century, and Alkarkhi during the begin¬ 
ning of the eleventh century. About 1220 Leonardo IHsano 
proposed the problem to find a fraction x so that ** ± 5 are 
both perfect squar^, and also gave an incopiplete proof that 
** ± y* were not simultaneously perfect squares for rational: 
values of x, y unless y - 0. 
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In 1591 Vieta took up the theorem by Diophantus, and 
stated that if 

«*+>»*-&*- d* 

we could take 



and ipve some other results of this kind. Bachet in his edition 
of IMophantus in 1621 gave also these results by Vieta. If, 
however, b* < 2d*, the value of x is negative, and it was left 
to Girard and Fermat to indicate how positive values were to 
be found for both x and y. It was again Bachet in 1621 who 
noted that from the solution y»» 5, « - 3 of 

y' + 2 *- *• 


we could obtain other rational solutions. 


He put 


y-S-N,flf-3 


loN 

27 


so that the new equation 

27-ioN + N*-(3-^y 


after removing the factor N*, is linear in N giving a rational 
value. He carried out a similar process for the equation 


y* — * • + 17. 

This process, of course, can be repeated with the new values 
of X and y, so that apparently an infinite number of rational 
solutions can be found. The geometrical interpretation is very 
simple. The point P(3,S) can be called a rational point * on 
the cubic 

y* + 2 - X*. 


The tangent at P will meet the cubic in another point Q, 
obviously'a rational one. Similarly with the tangent at Q. 
This method may be called the tangent method. 

'I'his brinp us to t^e work of Fermat, the father of the 
Theory of Numbers, whose theorems, given without proof, 

K oved a very powerful stimulus to his successors. They can 
: arranged under three divisions, each of which will be con¬ 
sidered in tium. He stated that he could ]^rove rigorously 
that the only intego' values of x and y satisfying Sachet’s 
equation 

y* + 2 — af* 

weiie 

»- 3 #y-d:S; 


lt$. its otHJVdinstes are raikmsl. 
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and that for the equation 

y* + 4 

the only integer values were 

af“2,y»±2;af-5,y-± ii. 

In fact, he had proposed the first question as a problem to 
the English mathematicians. Concerning this he sajrs, “ peut- 
on trouver en nombres entiers un carr^ autre que 25, qui, au^ 
ment^ de 2, fasse un cube? A la premise vue cela paralt 
d’une recherche difficile, en fractions une infinite de nombres 
se d^duisent de la m6thode de Bachet; mais la doctrine des 
nombres entiers, qui est assur^ment trte belle et trfes subtile, 
n’a ^t^ cultiv6e ni par Bachet, ni par aucun autre dont les to'its 
venus jusqu’lt moi.” Fermat did not publish his method, 
which is not known, but it is not unlikely that it was equivalent 
to the following due to Euler. In 

y* + 2 - *• 
put 

* — a* + 2 b* 

and take _ _ 

X + V- 2 <» (o + bV- 2)** 

By equating imaginary parts 

I - 3o*i - 2 b*- b{ia* - 2 b*), 

whence 6 - i, a - ± 1, so that * - 3, y - 5. 

This process can be explained by elementary algebra without 
imaginaries, but it is of course by no means obvious that all the 
integer solutions can be found in this way. Now only a few 
years ago, I proved the rather unexpected result that any 
equation of the form 

y* + k - X*, k ^ o 

had at most a finite number of integer solutions. It is moA 
unlikely that this result was known to Fermat, so that I do not 
think that his description of his method, *' tr^ belle et trte 
subtile,” would hold at present. 

§ 5. Fermat’s next contribution was what is now known as 
Fermat’s Last Theorem, namely, that if m is a positive intqi;er 
greater than 2, the equation 

has no integer solutions tmless one of the unknowns is zero. 
He stated that he had discovered a truly wonderful proof, 
which, however, was never published. No one has yet suc¬ 
ceeded in finding a general proof. We are at present concemedl 
with the particular cases 

X* + y* - z* 2nd X* •¥ y*-$* 
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especift|||y’ the last one, which we shall take in the form 

Fetitnat, himself, left a proof for a closely related theorem. 
The m<^hod is now classical and is referred to as the method 
of ix^ite descent. As it involves only elementaiy ideas, and 
is peculiar to the Theory of Numbers, where it has been applied 
wuh ({reat success, we shall outline the proof as applied to 

- «». 

Fh^tly we may suppose x and y are prime to each other, 
and form a non-zero solution, i.e. neither x nor y equals zero ; 
and that x is even, y is odd, as they cannot both be odd. Hence 
we find 

a* — b*, y •• 2 ab, s* ■» a* + b* 

where b is even, a is odd and prime to b. From the first of this 
group of equations we have 


x^p*-q\b-~ 2pq, a - />• + 
where p and q are prime to each other. Hence 


so that we have 
or 

Also 


while 


y* - 4pq{p* + q*) 
p - Xi\ q - yi*, />• + 

Xi* + yi* - * 1 *. 
e -Xi* + 6xi*yi* + yj* 


8 > 8i*. 

Hence from any non-zero solution *, y, z of the equation 
^ can deduce another non-zero solution x^y.e^ with < */e. 
It is dear that this process can be continued with so 

that we are led to an infinite sequence of steadily decreasing 
positive integers 

*i» ^ 

where ultimately s, » i ccaresponding to a zero solution. 

proof above is one which involves only the mathematics 
of Fermat’s time. Euler in 17^13 announced that he had found 
a proof for the equation x* +y’»s*, which, however, was 

assumption, wherein lay the real 
Qimculty of the question, and whidi ivas not properly under¬ 
stood until the nineteenth century. 

The intractabihty of all of our equations must have been 
obvious at an early stage to anyone mterested in the subject. 
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But as in most problems a single solution was g:eneral]3r ob^o!» 
by inspection, the question naturally arose as to whether this, 
solution could be utilised to find others. Fermat gave a 
number of results, e.g. in the equation 

y* - ax* + bx* + cx* + dx + e, {to) 

he showed how to find solutions when either a or e was a perfect 
square, both of these cases being really included in the more 
general case where he showed how to find other solutions when 
one was known. His method was in principle identical with 
that of Bachet’s. Fermat took for example the quartic 

y* — ax* + bx* + cx* + dx + t* 

of which we know one rational solution 


af - 0, y - ± 

He then put 
where p is given by 

^ . d* 

2pe+^^^c. 

Eliminating y and dividing out by x*, a linear equation is 
found giving a rational value for x. 

§ 6. Important extensions of Fermat’s results and methods 
were given by the illustrious Euler, who tells us of his ^;reat 
pleasure in such questions. For example, he found new rational 
solutions of 

y* + 4 - X' 

knowing the rational points (2,2), (5,11), by a process which is 
in effect equivalent to finding the point of intersection, obviously 
a rational point, with the cubic of the chord joining these points, 
a method which we refer to as the secant method. He also 
utilised a quadri-quadratic relation between two variably, 
for finding new solutions, a method very closely related to tim 
modern results obtained by elliptic functions. The method of 
infinite descent was repeatedly employed by Euler. More 
novel were his results on questions B and C. To solve 


in integers, he put 
and took 


ax* + by* z* 
z - pa* + qb* 
aVa +y/^b - (pVo + qV-^)* 


whence he found 

zbpf, y • 3ap*q - bq*. 
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This m4|hod| however, need not s^ve all the integer values of 
X, y, so d^t the results of his applications to equations of this 
t3rpe when y is given, say unity, are not conclusive; and his 
proofs of Fermat’s statements are defective in respect of a very 
important principle which will be considered later. 

The idea above, however, was utilised for other equations 
by KxaSft and Lagrange. Thus to solve in relatively prime 
int^eis 

*’ + ny* - «* 

take 

X + y^ “ iP + 9^ 

whence 

a; •> p* + 2nqr, y - 2pq + nr*, o — 2pr + 5* 

The last equation is satisfied by taking 

p 20*, r — b*, q 2 ab 

giving a solution for xyz in two parameters a, b. Lagrange 
applied the same method to the more general equation 

X* + + iafy* + 

as also did Legendre. It does not give all the solutions which 
were not found till 1911. 

57. In the nineteenth century, considerable interest was 
shown in the problem, given several solutions of the equation 
( 4 )>, /(*» y> *) *“ o to deduce new solutions. Various results 
of this kind were given by Cauchy in 1826, Sylvester in 1847, 
Lucas in 1878, and Desboves amongst others. Thus from tne 
solution of 

ax* + by* + as* + dxye - o (7) 

Cauchy derived the new one 


Xiibyi* ~ czi*) et(axi* -1^ 

a result repeatedly given when rf - 0, by many writers during 
the period. Most of these results depended upon the tangent 
and secant methods, which were, however, first stated explicitly 
in geometrical form by Lucas, and which we state ho-e. Sup¬ 
pose we know n rational points Pi(xi, v„ ftjl, P» (».s. 

p^ts with x, y, z rational) on the cubic f{x, y, z) - o, tten in 
g^oexal an infinite number of rational pomts can be found as 
foSows. Take any two of these points (they may be the same), 
tluU 3 i the secant through them meets the curve in a rational 
p^t, say P,+i. Repeating the process with the h + i points 
Pi Pi. . . Pa.^ 1 and continuing it indefinite^, we find in general 
an: infinite number of rational solutions. The analytical inter- 
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pretation is equally simple, as the co-ordinate of any p^t on the 
ctarvre can be expressed in terms of elliptic function^, the idea 
being due to Jacobi in 1834. Take for simplicity the-equation 
in the canonical form 

y* - 4x* - - g, (5) 

and write in the usual rotation 

Then corresponding to the n points Px. Pj . . . P, we have n 
parameters «i, given by =^pl»i), yi'^P'{f*i)> etc. 

The addition formula at once shows that an infinite number 
(in general) of rational solutions are given by 

X = p(t»iUi + »«|M| . • . + 

y “ />'(«*iMx +. ***»**») 

where mi, mg ... m^ are any integers, positive, negative, or 
zero. During the present year I showed that all the rational 
solutions could be found in this way from a finite number. 

Results on equation (7) were given in 1847 by Sylvester, who 
established a correspondence between its solutions and those of 

x* + y* •+ abce* + dxye - 0. 

He then showed that ifo=»6“i,cis a prime and 27^ + d* 
is positive and not divisible by any prime of the form 6 n 4-1, 
all the solutions could be found from a single one. He also 
gave some results such as, the equation 

2(x* + + «*) - (27n — 12) xyz 

has no integer solutions (with none of the unknowns zero) if 
27«* - 8« + 4 is a prime. 

Equally interesting were his results on 

X* +y* m. As*. 

Denoting byp and g primes of the forms i8« + 5, i8« + ii, 
respectively, he proposed in 1869 the problem to show that 
there were no integral solutions when 

^ ^ Pi 9 *> 49 i ^P*i 2 g*, 

TWs result, as also some new cases A » />*, etc., were proved 

by Pepin in 1870. They were also proved in 1878 by Luehs# 
while Sylvester extended his results in the same year to 
cases A » pq, p*q*, pp^, q^^, where p, are primes of the form 
i8« + Si and q, qi are primes of the form i8» +11, 

A very elegant method of proof was given in I9i7by Hur- 
witz, who showed that the equation (a 4= 0) 

x *+ y * + ««‘'“0 
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hud no sfiilutions where x, y were complex integers of the type 
14* wiMM it V are ordinary integers, p is a complex root of 
unity, t is an unknown complex unit, ± i, ± p, ± p* and 
n > 3 is a prime » 2 or 5 (mod 9). The first step in the proof 
is to show that the congruence 

X* SE e(mod p) 

where * is a complex integer and /> is a prime zk + 2 has a solu¬ 
tion only when 

, (mod p) 


so that if k is not divisible by 3, t.e. if ^ = 2 or 5 (mod 9) only 
when « - ± 1. 

G>nsider now an integral complex solution of the equation 
for which N(2y«) (i.e. the product of xyz by its conjugate) has 
its least value, ooviously positive and greater than 0. 

Put f-x+y, V ^px + p*y, p*x + py 
so that 

f + V + ? *• 0 
f V f + eae* 0. 


Writing now S for the greatest common factor of f, v, ?, 
we have 


f V f 
I'l'S 



No two of the factors on the left-hand side can have a com¬ 
mon factor as it would occur in the third factor since the sum of 
aU three is zero. Hence since a is still a prime in the complex 
theory 

^ n t e 

I - fiXi*, ^ I - e,aV. g - *1^1 

whoice as 

t + ^ + f ■■ o 


*1* + Viyi* + vazi* - 0 


wh^ 1^, fit are units of which the first by the lemma must 
be 4; I. Hence we have a new solution (jfj, y^, v) of the 
taigmal equation with 

But this by the choice of Xi yi must satisfy 


N^ij ^ N(2y«) or 1 > N(afy8) 

means that x^x^ «re units.. Hence x*>-± i, y‘- ± it 
and ha i0>2, a»o contrary to our assumption, so that the 
ti^epifhtn is proved. 
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It is very interesting to note that practically/the same 
method had been used in 1808 or 1809 by Ga^s for the chse 
a M I, as was discovered after his death from his noteboolts. 

§ 8. After Euler there were no important contributions to 
the study of the integer solutions of equations of the form 

y* ■¥ k'^x* 

until 1869, when a new method was discovered by Lebesgue for 
proving that some equations of this type had no int^g;er solu¬ 
tions. Take the equation 

y* — 

for example. It is clear that x cannot be even, for no ntunber 
of the form 8M + 7 can be a square. Neither can x be the form 
4n -f 3, for then y would be divisible by 2 but not by 4, so that 
X must be of the form 4 « + i, But since 

y* + I — (* + 2) {x* — 2X + 4) 

» + 2, a number of the form 4« + 3, is a divisor of y* + i which 
is known to be impossible. The method was extended by 
Jonqui^res, who gave formula for k for which the equation had 
no integer solutions, e.g. - k •= + 2)* - 1. More general 

results of this type were given in j88i and afterwards by Pepin, 
who had in 1875 proved Fermat's results and similar ones by 
justifying Euler’s methods. 

§ 9. The work of the twentieth century was inaugurated b^ 
a brilliant paper by Thu6, who showed in 1909 that if /(*, y) is 
a homogeneous binary quantic which is not the pow«: of a 
linear form or of an indefinite binary quadratic, then the 
equation 

/(*,y) = c (14) 

has at most a finite number of integer solutions. The particular 
cases of this, coming within our province, are the equations 

ax* + bx*y + cxy* + dy* =* « (15) 

ax* + bx*y + cx*y* + dxy* + «ry* - / (16) 

Thud’s proof is very long and complicated, but it de{>en<|s 
only uj)on elementary algebra, so that it is quite as remalrksble 
as Tchebychef’s proof of the theorem, that one prime at least 
lies in the interval x, 2x — 2 if ar > 3. The important steps in 
the proof, denoting by /» a root of an irreducible equataon dl 
degree r, are : 

(i) Establishing an identity in x of the form 

(P - + /,(*)#>'•• ... 3 - pQ{x) - P(x) '! . 

where etc. . . ., P(x), Q(*) are polynomials in 
integer coemcients, /j, /, ... are of degree m, depending 
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the integer n, and the coefficients of fi, /• . . . P, Q 

are nunwerically less than K*, where K is independent of n. 

{2) Given integers p and q such that 

q>o,\qp-p\<i 

he showed by repeatedly differentiating the identity above 
for X, and putting x ■ p/q, that two pairs of integers A, B, 
and Ai, Bi, with ABj - AiB o could be found, each satisfying 
an inequality of the type 

l/,B-Al<|(/>?-^)VCl-‘ 
or = ^K"'*, say, where p<i, 

and |B|<|D/ 1 "‘* 

where C, D > 0 are independent of n, p, q, and X, p, v depend 
on the choice of m. 

(3) If the equation (14) has an infinity of solutions one of 
which can be referred to as />„ q^, while a typical one is p^q^, 
then we can take qi> qt> 0 and 

W. - A “ Pqi-Pi’- V?!* 

with 

o <Ie,I, (ej< I and h>- 

since by factorising the equation for p, />?, - />» - where 

M is finite when q^ is large. 

We now select A/B 4= Pi/^i to satisfy the inequality in 9. 
Hence 

AB - 9jA - - Be^/q,^ + 

and it is then shown that as o, ->• so each of the fractions on the 
right-hand side is numerically less than As the left-hand 
side is a non-zero integer the contradiction proves the theorem. 

Thud’s result has been extended by Mailett, and more 
especially by Siegel, who has also just recently given a much 
simpler proof. 

I 10. I now come to my own work. My first paper dealt 
with the integer solutions of 

y* •^x* + k 

in three different ways. The first method was an extension of 
Ldbesgue’s and Pepin’s results, but the other two were to lead 
to important consequences. One of them can be explained by 
considering another problem. Suppose it were required to 
find integer values of p and r, prime to each other, satisfying the 
equation p* + r' -• a where a is given, if such values exist, 
Wtt can find two integers q, s, satisfying 

ps - qr •" lu 



s» 

Writing then 
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X - pi ■¥ qn, y - risn (17) 

the binary quadratic form x* + y* is transformed into the form 
+ cn* say. It is well known that the determinant 
6* — oc is an invariant of this form, so that 6* — oc ~ i ; 
i^. c-(6*+i)/o, and this suggests the reveree process. 
Suppose a is given and find b so that 6* + i is divisible by a, 
and call c the quotient. We get in this way an infinite number 
of forms 

of* + 2bin + cn* 

with different b’s and c’s, but with the same determinant (here 
—i). It can be proved that all these forms can be derived from 
a finite number (in this case the single one x* + y*) by a linear 
transformation ; and the theory of numbers gives a method 
for finding them and the corresponding substitution, and hence 
all the values of p, r. 

A cubic form 

of* + 3ff*i7 + 3cfi?* + 

has one invariant, namely its discriminant, and a quartic form 

of* + 4 bi*v + 6 ei*‘ri* + 4dff7* + ev* 

has too invariants usually denoted by gg, g, or I, J. Supmose 
we try to find all the quartic forms with given invariiWts 
Sv S» coefficient o. I found that while for the quadratic 

form, b was such that (A* + i)/o was an integer ; in the pre^t 
case, we were led to an equation of the form 

*• - Ax* + Bx*y + Cxy* + Dy* (la) 

and that corresponding to any of the required quartics, we-lUid 
a solution of the above with x prime to y. Conversely cdne^ 
spending to every such solution we could fed a quartic. But 
the general theory tells us that all these quartic forms can be 
derived from a finite number by means of a linear transfonma- 
tion, and we are led to the result that all the integer solutiona 
with X prime to y of (la) are given by a finite number of eat> 
pression of the form 

* fi{P» Q)f y - MP, g) 

where /j and /, are binary quartics in (p, g), which are eisUjr 
found m any case, at least theoretically. 

So by considering the cubic form, we fed the corresponlyng 
solution of 

z* - A*' + Bxy + Cy* (13) 

* “ giiPf 9)1 y - gi(p, q) 


given by 
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where 4^ g% refer to a finite number of binary cubics. In par- 
ticularl^ui^’s theorem for (i 5) and (16) shows at once that there 
are only a finite number of solutions of (i^) or (13) with y - i, 
and the proof for equation (12) I have recently given in a much 
simpler way. 

Before 1 pass on to my other method, I must note another 
of my results, namely, that all the rational solutions of 

a* -i or* + 4bx*y + 6 cx*y* + ^dxy* + ey* (ii) 


could be found, if we knew one solution and all the rational 
solutions of 

» 4s* - gts - g, (S) 

A simple proof follows by taking the quartic in the form 


and putting 


y* x* + 6cx* + 4 dx + e 
SIS <=• X* + c + y. 


By eliminating y and solving the resulting quadratic in x, 
we i^ve 

2x{s + c) — — d + t 

where 

i*- 4 s* - - g» (S) 

Also 5^ and t are both rational if x and y are, and conversely. 
A similar result applies to the ternary cubic f(x, y, e) — o, i.t. 
all the rational solutions can be found if we know one, and all 
the solutions of (5) where now gj, g* are multiples of the in¬ 
variants of the ternary cubic. 

My other method employed ideal numbers and had already 
been used by Kummer for Fermat’s Last Theorem. Writing 
the equation 

y* — k '-x* 

in the form 

(y + V^) (y - V^) - X* 

the question arises, what can be said of y ± ? Are thw» 

for example, the cubes of expressions of the form a ± bvi, 
as was thought to be the case by some of the older mathemati¬ 
cians, s.g. Euler? The simple example 

whore 2 ± V - s are neither squares of expressions of the form 
^ 4. with a and b integers, nor have any factors of that 

form, shows that this is not necessarily the case. The theory 
of ideals enables us, however, to say that we can deduce a finm 
number of equations of the form 

c(y + ^/i) *■ (o + b^h) {p + 
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whdre a, b, c are known integers and p, q, y are unknown integers. 
By equating rational terms we see that c must be represented 
by a binary cubic in p, q. Hence by Thud’s theorem there can 
TC only a finite number of solutions, as was proved indepw* 
dently both by Thu^ and Landau, the latter writer having 
already considered a special case in 1913. 

I next tried to prove the corresponding theorem that 

y* » a** + bx* + cjc* + dar + e (10) 

had only a finite number of integer solutions. As the previous 
method was not applicable, I first of all found another proof 
for the cubic case 

y* — ax* + bx* + cx + d. 

The right-hand side was factorised in the form 
y* ■- (* — 0 ) (ax* -f- mx + n) 
where ^ is a root of the cubic 

a 0 * + bO* + + d “ 0 

while m, n naturally depend upon 9 . The theory of ideals 
enables us to deduce that 

(x — 0 ) (Xp — - (pd* + qd r)* (18) 

where is one of a finite number of integers, and x, p, q, r are 
unknown integers. By equating coefficients ol 0 , 6 *, etc,, 
we have two equations of the form 

fiiP> 9 > r) - 0, f,(p, q,r)~m 

where /i, /g are homogeneous ternary quadratics in p, q, r. It 
is a classical result that the solution of the first is given by a 
finite number of expressions of the form 

P'^^iit v), 9- ^i(fi v), r- ^,(f, fj) 

where p, etc., are binary quadratics in f, v (integers). If these 
are substituted in the second equation, Thud’s theorem shows 
that only a finite number of integer values for f, n could be 
found, and hence also for x. 

When I applied this method to the quartic (10), I found that 

(x - 0 ) («, - (?) - (pe* + qe* + re + $)* (19) 

Equating coefficients oi 0 , 0 *.. . etc., we have two equatioHui 
in 9 , r, s, from which one of the unknowns can be eliminated; 
But I could not prove that there were only a finite number of 
solutions, as I thought I had at one time proved. In trying, 
however, to remedy the flaw in my proof, a matt^ upon whiOT 
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I spent some months in vain> I was led to the following far more 
important theorem. Suppose we had started from 

e* - ax* + bx*y + cx*y* + dxy* + by* (i i) 

where x, y are unknown integers prime to each other. Instead 
of equation (19), we now have a finite number of equations of 
the form 

(x - By) (», - $y^ » {pB* + qB* + r 5 + s)* 

where y^ are known. The process of elimination mentioned 
above revealed to me that x, y could be expressed rationally 
in terms of X, Y another solution of (i i), where X, Y are practi¬ 
cally linear functions of p, q, r, s. Further, as p, q, r, s are of 
the order of magnitude given by the maximum numerical 
value of Vx, Vy, this is tantamount to saying that the method 
of infinite descent applies ; in other words, all the solutions of 
(ii) can be expressed rationally in terms of a finite number.* 
It was then very easy to apply this result to the ternary cubic 

f(x, y,z)-~o 

and to show that all the solutions could be deduced from a 
finite number by the classical process. There still remains the 
problem of discovering these fundamental solutions. They 
could of course be found by trial, if we could find a theoretical 
limit to the magnitudes of the unknowns. 

Finally, I may remark that the theory of ideals seems to 
momise useful information about the number of integer solu¬ 
tions of the equation (15); and only very recently Daus has 
announced that there is at most one integer solution of the 
equation y* — ax* + 1 where a is a given integer. 

* See my paper in the Proetedings of Me Cambridgo Philosopkieal Soeitly, 
wd. xxi, p. Z79, 1922 (issued November 1922). 
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Catalytic reactions are those whose speed is modified by the 
presence of a small proportion of a substance which appears 
to take no part in the reaction, and which can be shown to 
possess the same chemical composition at the end of the re* 
action as at the beginning. 

The existence of such reactions has been Imown for over a 
century. Kirchoff, in i8ii, observed that mineral acids pro¬ 
mote the conversion of starch into sugar without being them¬ 
selves changed, and the oxidation of alcohol to acetic acid 1^ 
the oxygen of the air in contact with finely divided platinum 
was noted as far back as 1820 by Edmund Davy. Earlier stUl, 
Mrs. Fulhame, before the close of the eighteenth century, had 
noticed that chemical change was greatly affected by the 
presence of moisture, an acute observation that has waited for 
a full development till recent years, when the researdies of 
H. B. Baker have revealed that many familiar reactions do not 
take place in the complete absencelof moisture. Dry hydrogm 
and oxygen unite withi difiiculty. Dry ammonia, does not 
combine with dry hydrogen cnloride, and dry ammonium 
chloride does not dissociate on vaporisation. In fact, there is 
probably no substance whose catalytic activities are so widely 
distributed as water. 

Though isolated instances of catalysis have thus been Icmg 
recognised, Benzelius {TraiU de Chimie, 1845) was the first to 
group such phenomena together, and to bestow on them tim 
name “ catalytic ”—a term which, in itself, conve3« little 
impression to the mind, for it means nothing more than “ de¬ 
structive.” 

Ostw^d has happily compared the action of a catalyst to 
that of oil on a machine, or of a whip on a sluggish horse, and 
has expressed his belief that the catalytic body cannot start a 
reaction, but can only assist one already in progress. It is 
obviously very difficult to be sure that a reaction which does 
not appear to take place in the absence of a suitable catalyst 
is not, in fact, proceeding with an infinitely amall vdocity, but > 



“CATALYSIS” 


57 

tile "imus” of proof rests on those who, support Ostwald's 
thee^. In any case, the subtle difference seems one for " the 
cumini sectores ” rather than for the working chemist, who is, 
as a rule, content to believe that " catal3rtic agents can start, 
aocderate, or retard the speed of, chemic^ reactions.*’ 

The classification of catal3rtic reactions is a matter of extreme 
difficulty. A divbion into those of Oi^nic Chemistry and 
those of Inorganic Chemistry is often convenient, but is essen¬ 
tially superficial. It seems undoubtedly more scientific to 
classify the reactions according to the way in which the catalyst 
does its work. Here, however, we are arrested by the fact 
that in the case of many such chang^ we do not know with 
any d^^ of certainty the mechanism of the reaction. A 
brief consideration of the principal theories advanced to explain 
the mysterious activity of catalysts will illustrate the diflSculty 
of the problems involved. 

In the manufacture of sulphuric acid by the *' chamber 
ja'ocess ” there can be little doubt that the catal3rtic nitric oxide 
facilitates the production of sulphuric acid from the mixture 
of sulphur dioxide, air, and steam by the formation of an inter¬ 
mediate compound, perhaps simply nitrogen peroxide, which 
again parts with oxygen to the sulphur dioxide, perhaps the 
mtrosulphuric acid (NO,HSO^ which can be isolated m the 
form^ of “ chamber crystals " when the supply of steam is 
deficient. Again, in the case of the production of ether from 
alcohol, sulphuric acid acts as a catalyst through the intermediate 
compound, ethyl hydrogen sulphate. 

C,Hb • OH + HjSO* « H,0 -I- QH, • HSO* 

C,H, • HSO 4 + CgH, • OH » (CjHj), • O + HjSO* 

These and similar reactions encouraged what we may call 
the “ intermediate compound theory,” among the foremost 
living en^nents of which is Paul Sabatier. The distinguished 
French chemist, in his book, La Catalyse en Chimie Organique, 
expresses the belief that all catalytic reactions are essentially 
similar and are purely chemical phenomena, resulting from the 
temporary formation of unstable compounds involving the 
catalyst and one or more of the reactii^ bodies. 

The number of cases where the existence of such an inter¬ 
mediate compound can be proved is fairly large, extending from 
those where its transitory presmce can just be detected to such 
an extreme case as Weldon and P^chiney's process for the manu¬ 
facture of chlorine, 

{0) sMgClg 0 )*“ sMgO -b 2CI1. 

(6) + aHCl - MgO. + H,0 
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which is really a catalytic reaction slowed down so much 
that it takes place in two distinct stages. Magnesium chloride, 
when heated in a current of air, is oxidised to MgO with 
liberation of chlorine. The MgO is then converted again into 
MgCla by the action of hydrochloric acid, and the process 
recommences. The intermediate compound is here so easily 
isolated that the mechanism of the reaction is obvious, but 
we may imagine that if magnesium oxide were a very 
unstable body, a continuous oxidation of hydrochloric acid 
with production of chlorine might take place in presence of 
an apparently inert and mysteriously efficient magnesium 
chloride. 

It is evident, indeed, that if the rate of destruction of the 
intermediate compound is greater than its rate of formation, 
attempts to isolate it are likely to fail, and this is no doubt 
often the case. Nevertheless, the extension of the theory from 
reactions such as those considered above to all catal3rtic re¬ 
actions is of doubtful validity. We may take as an example 
the use of nickel or platinum to promote the hydrogenation <rf 
organic compounds, Sabatier explains these reactions by sup¬ 
posing the formation of an unstable hydride of the metal 
which liberates its hydrogen in a very active (possibly atomic) 
condition. Vavon and Husson (1922) have carried out an 
investigation which casts great doubt on the existence of 
these hypothetical hydrides. It is a well-known fact that 
the presence of a small proportion of carbon disulphide will 
prevent platinum black from exercising its power as a catalyst 
of hydrogenation. These investigators have found that the 
quantity necessary to “ poison ’’ the platinum varies with the 
body to be hydrogenated. The addition of *0004 gm. of to 
•2 gm. of platinum black is sufficient to render it useless for 
the hydrogenation of acetophenone, but cinnamic acid, nitro¬ 
benzene, and cyclohexene are still reduced. When 'oooS gm. has 
been added, the virtue of the platinum is gone as far as cinnamic 
acid is concerned; but -0008 gm. is required in the case of nitro- 
benzene and 'ooii gm. for cyclohexene before the catal3rst is 
incapacitated. The authors conclude that these figures cannot 
represent different hydrides of platinum, and that the pheno¬ 
menon has a physical e^lanation. 

The action of metallic oxides (such as ThO^, AltOs) as cata- 
^ts of dehydration may be due (as Sabatier believes) to the 
formation of unstable thorinates, aluminates, etc.; but it seems 
unwise without further proof to accept unreservedly this expl^n- 
ation, and it is almost incredible that such catalyses as the 
destruction of phosphine and arsine on glass surfaces are due, 
to the formation of intermediate compounds. 

The conclusion most widely accepted at present is that, 
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many catalytic reactions have undoubtedly a chemical 
e^q^hmation, there are certain cases in which such a solution 
seems improbable, particularly many of those in which gases 
react on the surface of a solid catalyst. We must therefore 
consider briefly the “ ph3rsical " theories employed to explain 
the action of catalysts. 

The phenomena of adsorption and absorption of gases 
by metals are well known, and Michael Faraday put forward 
the theory that the oxidation of hydrogen in presence of 
platinum was due to the formation of a film of adsorbed gases 
on the surface of the catalyst. Under such circumstances the 
number of collisions between molecules would obviously be 
greatly augmented, and chance of combination so increased. 
Langmuir has recently investigated the catalytic combustion 
of carbon monoxide and hydrogen on platinum surfaces, and 
has demonstrated that the reaction kinetics of these syMtems 
can be explained on the assumption that the reactions proceed 
in a unimolecular film on the surface of the catalyst. 

One of Rideal’s latest experiments is of interest in this 
connection. He re-examined the hydrogenation of ethylene 
to ethane in presence of nickel, and found that, in the case 
of a mixture rich in hydrogen, the reaction velocity is propor¬ 
tional to the partial pressure of ethylene. 

This he explains by supposing that the surface of the 
nickel becomes almost covered with adsorbed hydrogen mole¬ 
cules and that the reaction takes place whenever an ethylene 
molecule happens to strike the surface. The number of 
such collisions would evidently be proportional to the partial 
pressure of ethylene. An explanation, however, based 
on the "temporary metal-hydride theory," seems to be also 
possible. 

The promotion of different reactions by different catalysts 
acting on the same system is often advanced as an argument 
in favour of a chemical explanation of these reactions. Such 
effects are sometimes very marked. For example, at 300®, and 
vmder normal pressure, the vapours of a primary alcohol are split 
up b;^ reduced copper into the aldehyde and hydrogen, while 
aauxunium oxide or thorium oxide brings about a droomposi- 
tion into water and a hydrocarbon of the ethylene series. 
Aliain, formic acid in contact with zinc osade is broken up 
into carbon dioxide and hydrogen, while titanium oxide gives 
a mixture of carbon monoxide and water. 

I^ile it is true that some such cases may be due to the 
formation of true chemical compounds with the catalyst, the 
results are not incapable of a physical explanation. The power 
of a catalyst to promote a certain reaction may depend on its 
actootptibn of the components or. products of that reaction 
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and the adsorptive powers of bodies vary greatly with tJu 
substances adsorbed. It may be then that catal}rsts tend- to 
produce the s}^tem which they adsorb most strongly. Evw 
tf we accept tms suggestion^ our explanation ” is only paitud, 
for we must still inquire why a catal3rst adsorbs one substimce 
rather than another. This question we are still far from btdng 
able to answer. 

The action of " promoters may also be explained on a 
physical basis. It has been found that the addition of a trace 
of another body (the “ promoter *') sometimes improves very 
much the powers of a catalyst. We may take as an example 
from a number given by ]^deal and Taylor, in Catalysis in 
Theory and Practice, a catalyst used in the manufacture of 
hydrogen from water-gas and steam, in accordance with the 
equation, CO -f- H ,0 = CO| -f- H,. The catalyst is prepared by 
dissolving a mixture of 194 parts of iron nitrate, 5 parts- 
of ammonium bichromate, and i part of thorium nitrate, 
evaporating and igniting. It is possible that the main 
body of the catalyst (Fe, 0 ,) adsorbs the reacting gases in a 
proportion unsuitable for combination on a large scale, and 
that this is remedied by the different adsorptive powers of 
the " promoter,” a little of which is sufficient to adjust the 
balance. 

j One must not disregard the possibility that some reactions 
are brought about, not by ” adsorption,” but by ” absorption,” 
for it is well known that absorbed gases are generally much 
more chemically active than the same gases under ordinary 
conditions. Hydrogenised palladium will reduce an acidified 
solution of ferric chloride, though ordinary hydrogen (molecular) 
will not, and carbon monoxide will unite with chlorine in the 
cold in the pores of animal charcoal to produce carbon^ 
chloride. Recent work (1922) by Anderson has shown that 
this increased activity lasts even after the gas has been de* 
sorbed. He performed a series of experiments on the reducing 
powers of hydrogen freshly desorbed from platinum 
palladium, and demonstrated that it was capable of reducing 
copper oxide or of combining with sulphur at a temperature 
about 30“ lower than ordinary hydrogen, nie hydrogen 
was shown to be slightly ionised, but not sufficiently to 
account for the results obtained, in the opinion of the expeii- 
menter, who finds himself unable to oner any satisfactory 
explanation. 

An” electrochemical "theory of catalytic action has also be«» 
proposed which partly bridges the gap between the” chemicd” 
and the ” ph3rsical ” theories. In many cases there appears 
exist at adsorptive boundaries an electrical double layer« 
caused ekher by the electrical orientation of n layer of 
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sioleeiiles or, in the case of ionised substances, by selective 
adsorption of one of the ions of the molecule. (The presence 
of ions in many cases of combustion and other chemical re- 
aOtiotts has been demonstrated by Sir J. J. Thomson and 
othare.) It is obvious that in some cases a definite orientation 
of the reacting molecules in the surface film would be a great 
aid to combination. 

Another “ electrical " theory is due to H. E. Armstrong, 
who suggests that an electrolytic circuit is formed by the aid 
of the catalyst. For example, in the oxidation of hydrogen 
there would be a circuit, H^water/ 0 ,, and it is noteworthy 
that the purest water obtainable is not an active catal3rtic 
agent, perhaps because its electrical conductivity is so low. 

Very early in the history of catalysis it was discovered 
that catalysts rapidly lose their activity in the presence of 
certain substances by which they are said to be " poisoned.” 
Nickel is rapidly poisoned for most purposes by sulphur 
and the halogens, and it is incapable of hydrogenating ben- 
zene which contains even a trace of thiophene. Platinum 
is ipoisoned by a large number of substances, among the 
most virulent being hydrogen cyanide, iodine, corrosive 
sublimate, carbon disulphide and carbon monoxide. In the 
” contact process ” for sulphuric acid the gases fropi the 
pyrites burneis must be freed from arsenical compounds and 
other impurities which speedily inactivate the platinum cata¬ 
lyst. This ” poisoning ” is sometimes regarded as a special 
case of " negative catalysis.” 

In our preliminary definition of catalysis we spoke of 
eatal3rtic reactions as those ” whose speed is modified ” by the 
presence of the catalyst. This modification of speed generally 
takes the fonn of an increase, and the catalysis is considered 
to be_ ” positive.” When, on the other hand, the speed is 
diminish^ we have a case of ” negative catalysis.” 

Negative catalysis can often be made to serve the chemist, 
especially by the stabilisation of substances which tend to 
decompose, polymerise, or be oxidised at the ordinary tem¬ 
perature. The decomposition of hydrogen peroxide is greatly 
retarded by the addition of a little hydrochloric acid, and the 
very dangerous oxidation of chloroform to the poisonous 
phosgene gfa is prevented by the presence of a trace of alcohol. 
Recently (1922) Mouren and Dufraisse have observed that the 
spontaneous oxidation of acrolein, benzaldehyde, and many 
Other organic substances can be prevented by the addition of 
a small proportion of hydroquinone. Many other phenolic 
bodies have a similar action, 

Relative catalysis has been less studied than positive cata- 
Ipib* It is believed that many cases of poisoning are due to 
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formation of a stable aiid catalytically inactive compound cm 
the surface of the catal3^t, in which case the action of 
poison is not, correctly speaking, catalytic at all, but mow 
work must be done before anything like a general explanation 
of the phenomenon can be offered. 

The chemical composition of a catalyst must, by defUa* 
tion, be the same at the end of a reaction as at the beginning, 
but this is not necessarily true of the ph5^ical state. In fact, 
magnified photographs of a platinum wire which has been 
used as a catalyst show that the surface, originally smooth, 
has become roughened, and is, in fact, covered with a fine 
deposit of platinum black (v. Rideal and Taylor’s Catalysis in 
Theory and Practice). This may be due to deposition of 
platinum from a temporarily formed compound of the metal 
with one of the reacting substances, but it is not impossible 
that reactions between gases in the surface layer of the platinum 
might break it up sufficiently to produce the same effect. 

The applications of catalysis to chemical industry are very 
numerous. The most that can be done in a short article is 
to touch on a few of the large-scale operations that seek aid 
from catalysis. 

The two principal processes for the manufacture of sul¬ 
phuric acid have been already mentioned. Both depend 
esseiitially on the reaction 2SC), -f- O, = 2SO,, but in the 
" chamber process ” the facilitation of this change depends 
on the formation of one or more intermediate compounds 
involving the catalytic nitric oxide, whereas in the " contact 
process ” the reaction takes place on the surface of platinised 
asbestos at 400® C. and may have a physical explanation. 
The latter process was first patented in England in 1831, but 
it was not until 1901 that tne practical difficulties were suffix 
ciently overcome to make it a commercial success. The 
entering gases must be very rigorously cleansed of dust, sulphur, 
arsenic, and other impurities or the platinum is soon poisonal. 

The fixation of atmospheric nitrogen constitutes one of the 
most important problems before the chemist of to-day. One 
means of solving it is by making the nitrogen' unite with 
hydrogen to form ammonia, a reaction which takes place 
under high pressure in the presence of a suitable catalyst. 
Several such were suggested by Haber, who found that uranitutt 
carbide, which changed into uranium nitride in the course of 
the reaction without losing its efficiency, gave excellent resulfii. 
The process was taken up on a large scale by the Badische 
Anilin und Sodafabrik, who gave up the attempt to employ 
as catalysts the more recherche elements in the periodic tahie 
and came back to iron, used at 600® C. under 200 atmos^Sor^ 
pressure. Recently the French chemist Claude, having ol^' 
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served the great services rendered to Germany during the war 
hy this colossal factory, which turned out, in 1918, ito,ooo tons 
of ammonia, and realising the importance of rendering France 
independent in this respect, perfected a similar process which 
employs a pressure of 1,000 atmospheres at 5oo®-6oo“ C. By 
this great increase of pressure the practical yield of ammonia 
for a single passage of the gas over the catalyst is increased 
from 6 per cent, to 25 per cent. 

Natural oils and fats are composed, for the most part, of 
esters of glycerine with organic acids, and in some cases they 
contain a high percentage of glycerides of unsaturated acids. 
These are not only acids of the acrylic series, such as oleic 
acid, but many which are unsaturated in a much higher degree. 
For example, the unpleasant smell of fish oils is largely due to 
clupanodonic acid, whose highly unsaturated nature can be 
seen at once from its formula CirH^'COOH. The melting 
points of these unsaturated acids and their esters are generally 
much lower than those of the corresponding saturated acids 
^leic acid, C,7Ha,*COOH, melts at 14® C., whereas stearic acid, 
Cj7 Hgj.CCiOH, melts at 71° C.), and they almost all possess 
disagreeable odours. When such oils are hydrogenated in 
presence of catalysts, the hydrogen fixes itself on the double 
or triple bonds, with the result that an evil-smelling oil is con¬ 
verted into an almost odourless fatty solid (the melting-point 
of cod-liver oil is — ®ioC, that of the hydrogenated product 
68" C.). ^ An idea of the industrial importance of this branch 
of chemistry is given by the fact that more than zoo pat^ts 
have been taken out for the use of various catalysts and various 
forms of apparatus. Nickel is the most favoured, but pal¬ 
ladium is also used, its high price being compensated for by 
the fact that i part of the metal is sufficient to bring about 
the reduction of 10,000 parts of oil. Oils generally contain a 
proportion of free fatty acids which attack the metallic catal^t 
employed, and many also contain sulphur compounds which 
rapidly deprive it of its catalytic activity. The acids may 
be neutralised with chalk, and the sulphur compounds fixed 
by stirring the heated oil with freshly precipitated copper 
hydroxide. The catalyst can then work undisturbed. 

When hydrocarbons are subjected to a high temperature 
they tend to lose hydrogen with, it seems probable, a tem¬ 
porary setting free of radicals, such as CH„ CH., CH, etc. 
These groups unite to form new molecules, and the result is 
the production of a considerable quantity of hydrogen, methane, 
and low-order hydrocarbons, both gaseous and liquid. Owing 
to the great demand for gases for illuminating purposes, for 
petrols to be used as fuel for internal combustion engines and 
Ml solvents, and for '' paraffin oil," the production of these 
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hydrocarbon mixtures from oils of high^ boiling-point hn 
b^ome an important branch of chemical industry, Thiis 
*' cracking ” process, as it is called, can be carried out at a 
much lower temperature by the aid of catalysts which havo 
been tried in very great variety, both the finely divided i^ala 
and the anhydrous metallic oxides such as those of aluminium 
and zinc giving good results. Reduced copper appears to be 
superior for this purpose to either iron or nickel, and a litre 
American petrol containing only compounds of boiling point 
higher than 150® C. gave, by a single passage oyer a layer of 
copper at 600® C., 120 litres of gas of high calorific power and 
225 C.C, of hydrocarbons boiling at temperatures lower than 
150® C The copper becomes gradually inactivated by the 
deposition of carbon, but this can be removed by heating tl» 
exhausted catalyst in a current of steam, when water-gM is 

E reduced and the catal3rst is regenerated. The liquid obtained 
y these operations generally contains a certain proportion of 
unsaturated hydrocarbons of disagreeable odour. These may 
be hydrogenated in contact with reduced nickel with prwiuc- 
tion of a petrol suitable for use in internal combustion engines. 

The production from water-gas of illuminating gas 
possessing a high calorific power is another interesting and 
important application of catalysis to industry. Water-gas 
consists mainly of hydrogen, carbon monoxide, and cart^ 
dioxide, the proportions of the latter gases depending on the 
temperature at which the water-gas is prepared. Carbon 
monoxide is completely reduced by hydrogenation over nickel. 
at 250®, giving a mixture of methane and water, and a similar 
reduction can be practised on carbon dioxide at 300®-3S0“. 
It is obvious that a gas rich in methane can be thus prepared. 
We may take as example the method proposed by Sabatier 
in 1912, which utilises water-gas prepared at as high a tem¬ 
perature aS' possible, and consisting almost entirely of carbon 
monoxide and hydrogjen in approximately equal proportions. 
The water-gas is cooled to a temperature such that about 
tluee-quarters of the carbon monoxide is condensed, together 
with traces of sulphur dioxide and other impurities which 
would poison the catalyst. The resulting mixture of CO-f4H(| 
is passed over nickel at 200®-250®, when the reaction CO-hiH* 
«= CH4 -f- H ,0 takes place, and the issuing gas has the com¬ 
position CH4 -f- H, and possesses a calorific powMr approxh* 
mately twice that of the original coal-gas. The carbon mon¬ 
oxide which was removed by condensation can be used as find 
to heat the reaction tubes. 

Not alone do the gigantic operations of industrial chemistl^ 
profit by catal3^ic aid. Many a smaller process is thus iTO^f, 
dered commercially profitable. The manufacture of phaij^ 
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ether, wliich imparts its pleasant odour to many toilet soaps, 
will serve as example. The dehydration of phenol in contact 
with thorium oxide at 400 "-500“ to give phenyl ether was 
origi^lly realised at the University of Toulouse. Fifty tons 
of this compound are now being made every year in the same 
town under conditions which are essentially similar to those 
under which it was produced in the laboratory. 

While emphasising the paramount importance of this 
branch of chemistry in the commercial world, we must not 
forget that it also facilitates innumerable reactions which, 
though not industrially important, are of first-rate scientific 
interest. Space forbids any attempt to enumerate these at 
lenj^h, but we cannot pass over in silence what has been de¬ 
scribed by one of its authors as “ sans contredit le plus impor¬ 
tant des travaux que le nickel r^duit permet d’accomplir.” 
The hydrogenation of the benzene nucleus was for many years 
considered one of the most difficult problems of organic chem- 
istiy- Cyclohexane itself, resulting from the addition of six 
hydrogen atoms to benzene, had to be extracted tediously from 
Russian petrol or prepared by complicated syntheses. In 
1901 Sabatier and Senderens showed that reduced nickel could 
accomplish the hydrogenation of benzene at a low temperature 
(170*-190“ C.) with a theoretical yield, and were thus respon¬ 
sible for one of the most striking triumphs of catalysis. 

The catalytic power of enzymes can receive no such atten¬ 
tion as it deserves in the present article. They fulfil the 
ordinary tests for catalysts in a marked degree, for an exceed- 
ii^ly minute quantity of the enzjrme can promote to an unlimited 
extent the reaction which it catalyses, without itself apparently 
being changed. The familiar operations of nature depend to 
a very great degree on the catalytic action of these peculiar 
bodies. The souring of milk, the making of cheese, the 
production of alcohol and vinegar, the breaking down of pro¬ 
tein matter to ammonia, nitrites and nitrates, the 'hydrolysis 
of starches and fats during digestion, are only a few of the 
processes made possible by these organic catalysts. But the 
. study of their activities is a branch of science in itself and they 
are only mentioned here as a reminder that catalysis is not 
exclusively a laboratory phenomenon. 

Cki the practical side, catalysis opens to the research 
vrorker a field vast in extent and fertile in possibilities. For 
the theorist its unsolved problems are numerous and fasci¬ 
nating. Although the amount of work done in recent years has 
beim enormous fSabatier and his co-workers alone have pub- 
Ittbed about one hundred communications dealing with catalytic 
reactions), much still remains to be done, and we are likely to 
wait kmg befom the last word on the subject is pronounce. 

.'5 
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There is no more romantic figure in the history of chemistry 
than that of the great Geber. So much that is legendary, 
however, has accumulated around him that if we are to 
get a clear picture of the man himself we must have recourse 
to the original sources. In the eighth century a.d. there 
lived at the Court of the Caliph HarQn al-Rashid at Baghdad 
a man whose name was Aba MQs 5 Jabir ibn ^laiyOn. He is 
said to have been a native of Khurasan, and was on very 
friendly terms with the great Barmecide family, the story of 
whose relations with HarQn al-Rasbid is well known. TTie 
Barmecides were themselves deeply interested in chemistry, 
and in his Book of Properties (British Museum MS.) Jabir refers 
sevei-al times to conversations on chemical subjects which he 
had held with them. Thus he says: “ One day—^it was the 
ninth of Ramadhan—Ja'far ibn Yahya summoned me, and we 
went, together with Yahya and [Al-Fadhl], Ja'far's brother, 
to buy some slave-girls. When we had finished that, we fell 
to talking about the properties of different substances,” and 
after the Barmecides had described several experiments they 
had performed on the effect of plunging heated metals into 
oil, they said, ” O AbQ MQsa, knewest thou all that ? Now 
relate unto us that which thou thyself hast performed thereon,” 
As was usual in those days, jabir was a physician as w^ 
as,a chemist, and he gives a graphic description of a cure he made 
by means of an elixir he had discovered ” Yahya ibn Khaiid 
had a very valuable handmaiden, unequalled in beauty and 
perfection and deportment and intelligence and accomplisl^ 
ments. One day she fell ill and drank a certain medicine 
which, however, failed to cure her, and she rapidly grew worse 
and finally became delirious. A messenger came to Yah}^ 
with the news and he asked me what I advised. I had not 
seen her and thought she might be poisoned, so I recotn*' 
mended the application of cold water. This treatment was Of 
no avail, so I ordered them to poultice her abdomen wit^ 
heated salt and to chafe her feet. ^As she still grew wcnriM^ 
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at last asked me to go and see her, and I found her 
at the point of death from some obscure disease. Now I had 
some , of the elixir with me, so I gave her a draught of two 
grains of it in three ounces of ox3rmel, and, by Allah, the 
sickness departed from the damsel and in less than half an 
hour she was as well as ever. And YabyS fell at my feet and 
kissed them, but I said, ‘ Do not so, O my brother.’ And he 
asked me about the uses of the elixir, and I gave him the re¬ 
mainder of it and explained how it was employed, whereupon 
he applied himself to the study of science and persevered 
until he knew many things ; but his son Ja'far was cleverer 
than he." 

Jabir was more than philosopher and scientist—he was a 
mystic as well, and one of the earliest adherents of §Qfi-ism. 
Unfortunately, he occasionally allowed his mysticism to mingle 
with his science, or perhaps it would be fairer to say that he 
often used scientific metaphors in his mystical writings, with 
the result that certain European scholars, mistaking these 
writings for genuine scientific works, very naturally concluded 
that jSbir could not possibly have written the books which 
are known to us in a Latin form and attributed to " Geber." 
Luckily, however, many other of Jabir’s books have been 
preserved to us and among them are several which prove 
their author to have been a man of keen intellect and of the 
true scientific temper. One may go even further, and say 
that, although so far no Arabic originals of the Latin treatises 
have come to light, yet many passages of the latter are dis¬ 
tinctly " Jfibirian," and that the burden of proof lies on those 
who deny that Geber and J 5 bir are identical. 

In the Arabic works Jabir describes the reduction of metals, 
the preparation of many compounds such as white lead, 
cinnabar, and verdigris, the suphur-mercury theory of metals, 
the similarity between arsenic (sulphide) and sulphur, and 
many other chemical facts and theories. He also describes 
methods of dyeing and of waterproofing cloths and mentions 
the use of manganese dioxide in glass-making. It would be 
inmossible to maintain that the content of scientific know¬ 
ledge of the Arabic works is less than that of the Latin. 

Aidamir al-jildaki, in his book NiMyat a^-f(dab, refers to 
the troubles which beset many of the early chemists, and says: 
" JSbir ibn Haiyan himself on many occasions narrowly 
escaped death, and suffered much violence and oppression at 
the hands of envious and evilly disposed people, on account 
of his scientific knowledge. He finally had to reveal some of 
his secrets to HarOn al-RashId and to Yahyfi the Barmecide 
i^d his two sons, Al-Fadhl and Ja'far, hence their riches. 
ViUien Al-Rasbid became suspicious of the Barmecides and 
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knew that their aim was to transfer the kingdom to the '^ida 
—their great wealth rendering them quite able to do tins'— 
he killed them to the last man, and jabir fled for his life to 
KQfa, where he remained in concealment until the dajns of 
Al-Ma’miin, when he came out of retirement.” 

jabir is usually said to have died a.h. i6o (a.d. 766-7), 
but, if Al-Jildaklis correct, jabir's death must be placed much 
later, since Al-Ma'mQn did not succeed to the Caliphate until 
A.H. 198. 

jabir’s fame spread throughout the whole of Islam, and 
there is scarcely a single later chemist who does not quote him. 
He is mentioned by the apostate Leo Africanus (died a.d. 1552), 
who says: ” In this citie of Fez there are great store of Alchy- 
mists which are mightily addicted to that vain practice : they 
are most base fellowes, and contaminate themselues with 
the steam of Sulphur, and other stinking Smels. In the 
evening they vse to assemble themselves at the great temple, 
where they dispute of their false opinions. They have of 
their arte of Alchymie many bookes written by learned men, 
amongst which one Geher is of principall account, who lived 
an hundred yeeres after Mahumet. . . . This Geher his works 
and all his precepts are full of allegories or darke borrowed 
speeches." 

When in KQf 5 , Jabir lived in the street knovra as the 
Damascus Gate, where he had a laboratory. It is related in 
the Kitib al~Fihrist (tenth century a.d.) that when some 
houses in this quarter were demolished, a mortar of gold, 
weighing about 200 pounds, was discovered on the site of 
jabir’s laboratory. The king’s chamberlain took possession 
of it. 

About a hundred years after jabir lived AbQ Bakr Mu¬ 
hammad ibn Zakariyya al-Razi, known to Europe as Rhazes. 
He was primarily a physician, but studied chemistry in edi¬ 
tion, and wrote several books on the subject. Most of thrae 
have been lost, but one, entitled The Book of Secrets, is pre¬ 
served in Arabic in the Leipzig City Library and in a Latin 
translation in the Bibliothdque Nationale at Paris. This 
important work is being edited by Prof. J. Ruska at Heidel¬ 
berg. It is severely practical in character, and deals with the 
recognition, purification, and properties of the chemicala 
commonly employed, and of the various operations and forms 
of apparatus in use at the time. It shows throughout tlw 
influence of Jabir, whom al-RazI often acknowledged as Ids 
master. 

Al-RazI divides minerals into six classes; stones, bodies^ 
spirits, salts, boraxes, and vitriols. Of stones there are i| 
kmds, including marcasite, magnesia, tutia, lains tozuli, alumj, 
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antimony sulphide, talc, gypsum, and glass. The (metallic) 
bodits we gold, silver, copper, iron, steel (?), lead, and tin. 
The spirits are sulphur, arsenic (sulphides), sal-ammoniac, and 
mercury. The salts include cooking salt, sweet salt, bitter 
salt, calcined salt, bituminous salt, qali (crude sodium car¬ 
bonate), and salt of ashes (crude potassium carbonate). The 
boraxes are bread borax, natron, bone-ash, tinkar (borax), and 
others. The vitriols are the black, white, yellow, red, and 
green. 

Most of the list of apparatus has already been given in 
Science Progress (October 1922). There are a few utensils, 
however, of the exact form of which I was at that time ignorant. 
These are the “ crucible son of a crucible,” the ” t^bistSn,” 
and the ” 'amyS.” Fortunately my friend, Hajji ‘Abdu’l- 
Muhyi, of the Mosque at Woking, had met several present-day 
alchemists in Persia and Afghanistan and kindly enlightened 
me. The crucible son of a crucible consists of a crucible with 
a conical bottom, at the apex of which is a hole. This 
crucible rests in another, and the whole arrangement is 
called baut ibn bout (crucible son of a crucible). It is used 
ioT the reduction of metals. The calx of the metal is mixed 
with natron and the mixture made up into a paste with olive- 
oil. The paste is then placed in the upper crucible and the 
whole heated strongly in a furnace. The fused metal obtained 
in this way passes through the hole into the lower crucible, 
the dross remaining behind. 

The fabistdn consists of an earthenware vessel, somewhat 
more than a hemisphere. It contains the reacting mixture 
and is closed by a bowl containing cold water. Fire is lit 
beneath it and any sublimate collects on the bottom of the 
bowl, whence it may be removed as desired. 

The 'amyi consists of two more or less hemispherical vessels. 
The substance to be treated is placed in one of them, 
which is then closed with the other, the two being firmly 
luted together by means of ” philosopher’s clay.” A hole is 
then dug in the ground and a wood fire kindled in it. When 
the fire has become a mass of red-hot embers the ‘amyS is 
thrust in and the hole covered over with turf. The 'amyS is 
removed when cold. 

Al-RSzI was a Persian, born at the town of Ray, near 
Teheran. He was, says the Fikrist, a man with a big head, 
like a casket, and used to sit in his consulting^hall surrounded 
hy his pupils.^ The most advanced of these sat nearest him 
in a rirtg, and in an outer ring sat the more elementary. When 
a patient came he described his symptoms first to the de- 
n^mtaty students, and if these understood the case they dealt 
wdth it. If not, the man passed on to the advanced students^ 
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and if the case was too difficult for them, then Al-Razi d^It 
with it in person. He was of a kind and gentle disposition, 
and sympathetic with the poor and infirm. He was continu¬ 
ally writing books or making notes, and no doubt this was 
one of the causes of the blindness which afflicted him towards 
the end of his life—although the author of the Fihrisi sa3fs it 
was caused by his excessive consumption of broad beans I 

Al-R 5 zi died in the early years of the tenth century a.d. 
To his position of pre-eminence in chemistry succeeded Abu'l- 
QSsim Maslima ibn Ahmad al-Majrlfl, who lived at Madrid 
and flourished in the reign of Al-Hakam II (961-76). He 
studied philosophy, mathematics, astronomy, and chemistry 
in the East, and was brought into contact with the celebrated 
encyclopaedists of Islam, the " Brethren of Purity,” whose 
Letters have been published by Dieterici. These Letters 
arc anonymous, and it seems to be quite possible that Mas¬ 
lima al-Majrlti himself wrote several of them, including that 
on chemistry. He certainly claims to have done so, and 
makes many references to them in his great work, the Rutbai 
al-Ifalnm. 

The Rutba, which treats of chemistry, is largely theoretical, 
but contains sufficient exact descriptions of experimental 
work to show us that the author was a chemist of no little 
manipulative skill and ingenuity. He begins as follows: 
” Know, O thou that seekest after the secrets of Nature, that 
to every effect there is a cause. The cause which led me to 
compose this book was that I saw my contemporaries in 
ignorance and error, reading what they could not understand 
and searching for they knew not what. . . . They were so 
conceited that they considered themselves to have acquired 
all possible knowledge and therefore regarded it as unneces¬ 
sary to read the boole of the ancients, and neglected the study 
of philosophy, which is the Light of the Faith.” 

He goes on to say that no one who has not studied chemis¬ 
try can have any claim to the title of savant. To acquire a 
good knowledge of chemistry one should begin by a thorough 
training in mathematics, preferably by reading Euclid. Some 
acquaintance with astronomy is also desirable; for this the 
Almagest is recommended. Logic is essential; thus is best 
studied in the book which Al-Kindi translated from Aristotle, 
Aristotle’s works De Casio and De Generatione et Corruptione 
are very valuable ; so are the works of Democritus andi Apol¬ 
lonius, although these may be dispensed with if one has 
Aristotle. Coming to the ” moderns,” Al-Majriti says that 
the books of jSbir ibn HaiySn and of Al-RSzI are indispensable, 
Finally, the student must have extensive training in practical 
work, and must learn to observe keenly and to exercise Us 
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mind about the phenomena of Nature. As to transmutation, 
th( 9 *e can be only one proof of that, namely, experimental. 

The section of the Letters of the Brethren of Purity 
which deals with chemistry opens with an account of the 
sulphur-mercury theory of metals first definitely formulated 
by Jabir. This is followed by a description of the metals and 
of conimon substances used in chemical operations, and by a 
scheme of classification. The whole section is characterised 
by its precise language and clear statement of theory. The 
debt of its author to jabir and to Al-Razi is apparent through¬ 
out, although neither is mentioned by name. 

Maslima al-Majrlti is typical of " Arab ” chemists in his 
careful exclusion of astrology from chemistry. He believed, 
like most of his contemporaries, in magic, astrology, and the 
talismanic art, but, in common with practically all of the great 
chemists of Islam, he does not allow this belief to interfere 
with his chemical theory and practice. That this has not always 
been recognised is probably due, as I have suggested above, 
to the fact that the mystics of Islam often used the terms of 
alchemy in a symbolic fashion and their books were later 
regarded as manuals of chemistry instead of poetic visions. 
Thus the great $ufi Ibnu’l-'Arabi (f a.d. 1240) uses the name 
Al-Kftniya to express knowledge of the Deity, and calls one 
of his books on mysticism Al'Kibrit al-Abmar, the Red 
Sulphur, or Philosopher’s Stone. I believe that this book, 
which is nothing more than a manual of §Qfi-ism, is still 
considered by the alchemists of Persia to contain sufficient in¬ 
formation to enable them to make gold, if only they could 
understand it I 

A last point of interest in regard to Maslima al-Majri^ has 
to do with one of Berthelot’s criticisms of the theory of the 
identity of Geber and jabir. ^rthelot points out that Geber 
modestly says that alchemists are nothing more than ministers 
of Nature, and remarks that this is quite unlike the extrava¬ 
gant claims of the Arabic works. In Part I of section 3 of the 
Rutbat however, Maslima al-Mairiti adopts exactly 

the same view as Geber, and illustrates nis argument by a 
comparison with the physician, who is " merely a servant of 
Nature ” he diagnoses the complaint and administers a 
remedy, but it is Nature who acts. This is not the only case 
in which Maslima al-Majii^'s outlook resembles that of the 
author of “ Geber’s worlis ”—a fact which becomes of import¬ 
ance when one remembers the close acquaintance which he 
had with the books of jabir ibn Qaiyan. He says, " I know 
of no chemist more skilful or eloquent than jabir, and although 
he and I are separated by more than ijo years, yet I regard 
myself as a true pupil of his on account of my great admira- 
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tion for his works, all of which I have gathered together , . * 
and of which I have ^ven the names in my History 0/ ^ 
Arabian Philosophers\thvs'v/otk has unfortunately not comedown 
to us]." He sa3rs further that, in the time of Kh&lid ibn Y^Id 
and his predecessors, no one had any doubt of the possibility 
of transmutation, but that jabir was confronted with the diffi¬ 
culty that scepticism had arisen. This passage seems to dis¬ 
pose effectively of Berthelot’s contention that disbelirf in 
the transmutation theory did not arise until the days of 
Ibn Sina (Avicenna), and that therefore the Latin works 
ascribed to Geber, which contain an elaborate refutation of 
the sceptics, could not have been written earlier than the 
tenth century. 

The chief Muslim chemists of the later period (a.d. 1200- 
1400) are Abu’l-Qasim Muhammad ibn Ahmad al-TrSql 
and ‘Izz ad-Din Aidamir ibn ‘Ali ibn Aidamir al-Jildald. 
Abu’l-QSsim al-Tr 5 qI is said by Hajji Khalifa to have lived 
in the sixth century after the Flight, but in the preface to his 
work ' Uyiinu'l-Haqa’iq (Br. Mus. 1 M 7 2) the names of the 
reigning Sultan * al-Malik al-ZShir Rukn al-Din, of his vizier 
Baha al-Din, and of his son, Barakah KhSn, are mentioned. 
Al-Malik al-ZShir Rukn al-Din reigned a.h. 658-76, so that 
we may place Abu'l-QSsim al-Tr 5 qi in the seventh century, 
and not the sixth century a.h. He probably died somewhere 
about A.H. 700 (a.d. 1300). His most important work is 
entitled Knowledge acquired concerning the Production of Gold^ 
of which three or four manuscripts are in existence. The 
author begins by " proving ” the possibility of transmutation 
and proceeds to discuss the nature of the Elixir and its pre¬ 
paration. He then supports his arguments by quotations 
from earlier alchemists, and concludes the book with an ex¬ 
planation of the " dark sayings ” used by the sages. As usual, the 
instructions given for the preparation of the Elixir are incom¬ 
prehensible, but the work is nevertheless of great interest and 
importance for the history of chemistry, since it gives a very 
clear and logical account of the chemical theory of the time. 
There are also many references to experimental work which 
the author has carried out, and, in general, the book is remark- ■ 
able for its clarity of thought and expression, and for its 
freedom from any taint of magic or astrology. 

In Part I, section i, the author says : “ Know that the 
materials used in the Art of Chemistry are of one species 
essentially. They are called the metallic minerals and are 
subdivided into six sorts, varying in form and in properties, 
but not immutable as are individual animals and plants. 
They are gold, silver, copper, iron, lead, and tin. Emrh of 
them is marked off from the others by accidental distinguish^^ 
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{n^porties, and it should be possible to' effect the necessary 
rtnnoval of these since the specific nature is constant. 

“ We say and maintain tnat two species of natural things 
wifich differ radically and essentially cannot be changed and 
converted one into the other by Ait, as, for example, man 
and the horse. But these six bodies can be mutually con¬ 
verted : thus lead may be converted into silver, for if you 
place a pound of lead in the fire, it rectifies it and matures it, 
and most of it is burnt away, leaving a small part as silver— 
about a quarter of a dirham of pure silver from every pound 
of lead. 

" Now since it is possible for a part of the lead to be thus 
changed into silver, there is nothing to hinder the conversion 
of the whole. In the same way silver may be converted into 
g^old, by the refinement of the smelting fire only. For it is 
tinctured by the fire and strengthened and transmuted and 
behaves like gold with the touchstone. Thus it is possible 
to effect a certain transmutation, since the specific nature is 
constant; but if silver differed from gold in species it would 
not be possible to convert it into gold, just as it is impossible 
to convert a horse into the human species by Art, because 
they differ radically and essentially. 

“ Another indication of that, and more complete than the 
first, is that in gold-ores the gold is sometimes found perfect 
and at other times imperfect. The imperfect can be purified 
by the fire and separated into silver and gold. In the same 
way, silver is found in its ores mixed with lead, and can be 
re^ed and separated from it. Now the cause of the occur¬ 
rence of silver in gold-ores is that the heat [of the earth] 

matur^ those parts of the ore which are near it and converts 
them into gold, if the ore is a gold ore, or into silver if it is a 
silver ore. But it does not mature what is distant from it, 
by reason of the low temperature and little heat. 

“ It appears, therefore, that these six metallic bodies are 
all of one species, distinguished from one another only by 
difforentiating accidental properties ; their extreme limit is 
reached when they become gold. Now that which is free from 
any accidental property is gold, while what possesses these 
becomes either silver, lead, or tin, if it has the quality of 

coldness, or copper or iron if it has the quality of hotness. 

And these six forms of a single species are like fever in an 
essentially healthy man. When he is treated so that the fever 
leaves him and he returns to freedom from disease he regains 
the most pierfect state of health.” 

In the following section he says : ** The moistness and 
dryness of which minerals are composed are nothing but 
* watary' steam and ' earthy' smoke; if compounded together 
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in right proportion they give rise to the six metals, while if th* 
dryness, that is, the smoke, is in too great proportion, thett 
are formed brittle stones such as the marcasites, magnesias, 
tutias (and the like). If the moistness, that is, the steam, b 
in too great proportion, mercury, and nothing else, will result.” * 

Abu’l-Qisim al-'Iraqi’s book Knowledge acquired concerning 
the Production of Cola was commented on by Aidamir al- 
Jildaki in his Nihayat at-Jalab. Al-Jildaki was a prolific 
Writer on scientific subjects who lived in the fourteenth century 
and died at Cairo about a.d. 1360. It is difficult to gauge 
accurately his attainments as a practical chemist, but he was 
certainly well acquainted with contemporary scientific thought 
and possessed a deep and extensive knowledge of the work of 
earlier scientists. His habit of lengthy quotation is very 
valuable, as the works from which he quoted are in many 
cases no longer to be found ; this is especially true of certain 
works of Jabir ibn IJaiyan. A study of his books shows that 
much advance in chemistry had been made by the fourteenth 
century both in theory and in practice. Thus he lays down, 
as a fundamental principle, that substances react only by 
definite weights, and mentions the use of nitric acid to separate 
the silver from a gold-silver alloy. His main defect is his 
delight in interminable discussions after the manner of the 
scholastic theologians, but he has the merit of never being 
dull. Although he himself believed in the possibility of trans¬ 
mutation, he is sufficiently broad-minded to give a full account 
of the arguments against it. Avicenna, for example, considered 
that the six metals, instead of being different varieties of one 
species, were different species of the same genus and therefore 
could not be transmuted. He agreed that it was possible to 
colour copper by suitable substances, such as real^, until 
it looked like silver, but maintained that it was still copper 
although " dyed ” a different colour. Al-Jildald admits this, 
but regards density, colour, and similar properties to be 
“ accidental,” that is, superimposed upon the metallic essence, 
the latter being the same in all metals. He argues that by 
removing its accidental properties and substituting those of 
gold, it should be possible to transmute silver into gold. Avi¬ 
cenna’s objection, then, would apply only to those ” trans¬ 
muted ” metals whose colours were not “ fixed," and could be 
removed by smelting or cupellation. It is interesting to note 
that the chief contributions to chemistry in the Middle Ages 
were made by men who believed in the possibility of transmu¬ 
tation. In spite of its many and grave defects, and of the 
incubus which, long after, it provM to be, we must admit 

* Quoted from the writer’s edition altnuhtasab fi eka'at al-dhakeb' 

(Paris, Geutbner). 
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that in these early days the transmutation theory correlated 
f^acts, inspired research, and unified chemical thought where 
lesser theories would probably have signally failed. 

The evolution of chemical theories is a fascinating subject, 
and the development of one particular theory can be followed 
with great accuracy by a study of the chemistry of Islam: 

I refer to the theory of combustion. This arose out of the 
theory of the constitution of mineral bodies, especially the 
metals. An early Greek theory, which we find revived in 
Abu’l-QSsim al-‘lr 5 qi (see above), was that minerals are com- 

B )sed of " watery steam " and “ earthy smoke.” jSbir ibn 
, aiyJLn modified this into the sulphur-mercury theory, the 
mercury corresponding to the watery steam and the sulphur 
to the earthy smoke. Calcination of a metal was then ex¬ 
plained by supposing that the metal lost part of its sulphur. 
Further investigation showed that the literal sulphur-mercury 
theory could not be upheld, and we find that an oily constituent ^ 
of metab is postulated ; this oil is the cause of combustibility, 
and is present in abundance in sulphur. From this to the 
terra pinguis of Becher and thence to the phlogiston theory 
is but a short step. 

A very remarkable feature of the Arab chemists is the 
thoroughly sound scientific outlook which most of them pos¬ 
sessed. It is remarkable in this sense, that in general the 
Oriental mind will seize on one isolated point and discuss it 
endlessly without any attempt at correlation; it seems in¬ 
capable of evolving a theory which will cover a wide group of 
facts. Men like jabir and Al-RSzi, however, were the very 
antithesis of this, and their theories were firmly based upon 
observation and experiment. To them chemistry was a 
serious science, to be undertaken only after long and careful 
training of the mind and hand and eye. What an advance 
upon the Founder of Chemistry, Hermes Trismegistos, who is 
reported to have said, ” I taught my son chemistry in three 
days and used no apparatus—not even an alembic ” I 
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"And there arose another king that knew not Joseph." 

It must be admitted that the Darwinian theory of evolution 
by natural selection has fallen upon evil days. Prominent 
literary men like G. K. Chesterton have allowed themselves to 
talk of the "dead dogma of Darwinism.” Although the connota¬ 
tion of " Darwinism ” in the minds of such emotional and 
inexact writers is somewhat obscure, nevertheless they reflect 
an impression which they have imbibed from scientific 
acquaintances, viz. that our views on many things connected 
with life have changed since Darwin’s time, and that most of 
Darwin's arguments will no longer hold. 

They cannot be blamed for conceiving this idea, for to 
a hearer of the discussion on evolution which took place last 
September at the meeting of the British Association at Hull,* 
it must have seemed clear that many zoologists and botanists 
were inclined to deny that natural selection was the efficient 
agent in the formation of new species. Prof. Stanley Gardiner 
from the standpoint of zoology, and Prof. Johannsen on the 
botanical side, both emphasised the " inadequacy of natural 
selection,” whilst if we turn to Dr. Willis’s Age and Area —a 
book which really gave rise to the discussion—^we find the 
statement (p. 215): "It is clear that it is no longer safe to 
consider that advantage to the species has had anything to 
do with the actual evolution of that species." Most senous 
of all, if we refer to Dr. Bateson’s address to the AmOTcan 
Association for the Advancement of Science on the occasion of 
their Toronto meeting in 1921 ,* we find the statement: " That 
particular and essential bit of the theory of evolution which 
is concerned with the origin and nature of species remains 
utterly mysterious. We no longer feel as we used to do that 
the process of variation, now contemporaneously occurring, is 
the beginning of a work which needs merely the element of 

* Reported in Nainre, December 2,1922. * Nature, April 29, 192a. 
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time for its completion.” It is within the recollection of all 
that Bateson’s address was made the pretext for a widespread 
and virulent attack on Darwinian teaching, an attack which 
was laigely taken up throughout the United States and Canada, 
and very nearlv led to the passing of a law prohibiting the 
teaching of evolution in the state of Kansas. 

If we now endeavour to form a judgment as to how far this 
very general dissatisfaction with the Darwinian theory is 
justified, the first step must be to turn to the authoritative 
presentation of that theory contained in the sixth and last 
edition of the Origin of Species. It is boldly outlined in the 
first five chapters, the remainder of the book being occupied 
with answers to innumerable objections. In the first chapter 
the great variability of our domestic animals and cultivated 
plants is described ; in the second Darwin deals with the 
variation of wild species. He points out that systematists who 
believed in the origin of each species as a distinct act of creation, 
nevertheless recognised subspecies and varieties which they 
regarded as derived by descent from the main species ; and that 
no line could be drawn between subspecies and species, because 
what some naturalists regarded subspecies others regarded as 
true species. 

He admits that the word “ variation ” is of vague and un¬ 
certain import. It may mean a monstrosity, t.e. a considerable 
deviation from normal structure, or it may indicate the slight 
differences which distinguish the offspring of the same parent 
from one another. He expresses a doubt as to whether 
monstrosities such as frequently occur in domestic productions 
are ever permanently propagated in a state of nature, The 
second type of variation, on the contrary, he regards as of the 
highest importance : he states that such variations lead, by 
insensible steps, to the differences separating slight varieties and 
through these to the differences between well-marked varieties, 
and so to the differences separating subspecies and species. 
In the third chapter Darwin describes the struggle for existence 
which necessarily results from the tendency of each species to 
increase its numbers in a geometrical ratio, and points out 
that this struggle will inevitably lead to the survival of any 
individual a little better fitted to its surroundings ; and for 
this struggle he introduces the term natural selection. 
In the fourth chapter he develops the idea of natural selection 
still further. He points out that in order that any considerable 
modification should be effected in an incipient species, a variety 
once formed must again, perhaps after an interval of time, vary 
or present, individual differences of the same favourable nature as 
before^ i.e. must present further variations in the same direction 
as that in which the first variations, which ensured its survival. 
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occurred. This assumption is absolutely vital for the vahdt^ 
of Darwin's theory in its original form. On this subject Darwin 
says: " Seeing that individual differences of the same kind 
perpetually recur, this can hardly be considered as an un¬ 
warrantable assumption. But whether it is true, we can judge 
only by seeing how far the hypothesis accords with and explains 
the general phenomena of nature. On the other hand, the 
ordinary belief that the amount of possible variation is a strictly 
limited quantity is likewise a simple assumption.” We shall 
return later to the examination and criticism of this point. 

Darwin next develops his theory of sexual selection, or the 
contest between males for the possession of the female. He 
points out that if males vary in their secondary sexual 
characters—and he produces much evidence to show that they do 
—^then the most vigorous and attractive male will win the female 
and transmit his qualities to posterity, and so the special organs 
and colours connected with this contest will be perpetuated. 
He then goes on to point out that once a distinct variety has 
been formed, the more it diverges from the parent species the 
better chance it will have of maintaining itself, for it will be 
enabled to occupy a slightly different place in nature to nourish 
itself with slightly different food, and thus the struggle between 
it and the parent species will be mitigated. 

The fifth chapter of the Origin of Species is in many ways 
the most valuable in the book, for it contains a summaiy 
of Darwin's extensive observations on the kinds of variation 
which actually occur. He attempts to deduce " Laws of 
Variation,” and utterly denies the idea that he regards variations 
as due to chance. His general conclusion is that " variability 
is generally related to the conditions of life to which each species 
has been exposed during several successive generations,” 
” Changed conditions act directly on the whole organisation 
or on certain parts alone, or indirectly through the reproductive 
system. The direct action of changed conditions leads to 
definite or indefinite results. In the latter case the organisation 
seems to become plastic and we have much fluctiiating 
variability. In the former case the nature of the organism is 
such that it yields readily when subjected to certain conditions, 
and all or nearly all the individuals become modified in the 
same way.” Darwin then proceeds to formulate certain 
laws, which may be enumerated as follows: 

(I) There can be no doubt that use, in our domestic animals, 
has strengthened and enlarged certain parts and disuse has 
diminished them, and that such modifications are in¬ 
herited. 

(it) Species can become acclimatised to quite different 
climates from those which were originally native to them : tlm 
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tssg be due to natural selection of hardy varieties having 
dhEmrent innate constitutions; but (inherited) habit has some 
influence, because all agricultural books urge caution in trans- 
por^g animals from one district to another. It is unlikely 
that man should have succeeded in selecting many breeds with 
constitutions fitted each to its particular district; therefore 

ACCLIMATISATION AND THE INHERITANCE OF ITS EFFECTS MUST 
HAVE PLAYED A PART. 

(3) When slight variations in one part of the body occur 
and are accumulated by natural selection, other parts become 
modified in consequence. This is termed by Darwin “ correlated 
variation.” Thus homologous parts tend to cohere, like the 
petals of a flower, hard parts affect the form of adjoining soft 
parts, and so on. 

(4) If nourishment flows to one part or organ to excess, it 
rarely flows, at least in excess, to another part. This is termed 
by Darwin the law of compensation or balance of growth. It 
is explained by him thus : If under changed conditions of life 
a structure before useful becomes less useful, its diminution 
will be favoured, for it will profit the individual not to have its 
nutriment wasted in building up a useless structure. 

(5) Multiple, rudimentary, and lowly organised structures' 
are variable. By multiple is meant metamerically (or radially) 
repeated in series ; and such organs are for the most part 
” lowly organised,” i.e. not differentiated, and therefore, as 
Darwin remarks, used for many functions, so that slight 
deviations in any one direction are not accumulated by natural 
selection. Rudimentary (vestigial) structures are variable 
because, having ceased to be useful, slight deviations from the 
normal in their structure do not determine the survival of 
their possessors. 

(6) Any part developed in one species in an extraordinary 
manner compared with its development in other species teniu 
to be variable. Thus seconda^ sexual characters, frequently 
used to discriminate one species from another, are extremely 
variable in their development within one species. Again, the 
valves of the sessile barnacle Pyrgoma differ markedly from the 
type common to most sessile barnacles, and the number and 
arrangement of the plates of the valves are extraordinarily 
variable within the single species of Pyrgoma, 

(7) The diagnostic characters of species are more variable 
than those of genera ; thus, as noted above, secondary sexual 
characters are extremely variable. 

(8) Distinct species often present analogous variations, so 
that a variety of one species assumes a character primer to an 
allied species or reverts to some of the characters of an early 
progeifitor. As an instance of reversion he gives the tendency 



8o 


SCIENCE PROGRESS 

of sUl breeds of pigeon to produce slaty-blue birds with 
bars on their wings like the original Cdumba livia. Thb 
tendency of horses and asses to have stripes of colour on their 
legs and spinal stripes is likewise adduced as an instanps 
of analogous variations. 

If we read over this list of “ laws," we must first exclude 
the assumed action of natural selection in accumulating favour-- 
able variations, because our endeavour is to discover not the 
results of natural selection, but the material on which it has to 
work. Then we find that Darwin’s laws boil down to two, ots. 
(i) the inheritance of the effects of use and disuse, in a word of 
habit, which is the Lamarckian doctrine of evolution; ^3) an 
indefinite tendency to vary to an unlimited extent m all 
directions, each individual variation being small, which Darwin 
attributed to the action of climate in making the organisation 
of the species “ plastic." 

In a former article to Science Progress I pointed out that 
the truth of the Lamarckian doctrine was assumed as a matta: 
of course by the earlier champions of Danvinism such as 
Haeckel; it only fell into disreputpithrough the teaching of 
Weismann, and his dogmatic^assertion of the impossibility of 
the germ-cells being affectedi^y the soma, assertions which 
now sound quite as inconclusive as the futile experiments by 
which Weismann sought to support his uncompromising rejec¬ 
tion of Lamarckism. I shall deal briefly wdth this subject a little 
later, pointing out the additional evidence in favour of Lamarck¬ 
ism which has accumulated since I wrote my first article. 

The Lamarckian explanation having thus been discredited, 
the supporters of evolution fell back on the law of " indefinite 
variability.” The chief objection to this law was.that it was 
too facile. As already pointed out, it was not merely necessary 
to assume that organisms could vary in all directions,,but 
that the offspring of any one individual would continue to vary 
further in the same direction as that in which its parent had 
departed from the normal condition of the species. It is 
obvious that, if we can make that assumption, any conceivably 
change can be " explained.” As every change consists of an 
accumulation of favourable variations, so every change must 
be assumed to have played a part in enabling the inmviduals 
which showed it to survive. It was the fashion some thirty 
yesus ago to make somewhat crude guesses as to the utility of 
structures, guesses which those who made them never tho^ht 
it worth while to put to the crucial test of experiment. This 
kind of procedure disgusted those who were anxious to come to 
closer ^ps with the problem, and led to a reaction against the 
whole idea of the accumulation of small favourable variations. 
But to this general criticism of loose thinking on the part of thd 
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older Darwinians seva:al notable exceptions must be made. 
The late Prof. Weldon, of Oxford, noticed that the common 
sbore<^arab varied in the breadth of its carapace—a variation 
whidh involved the width of the gill chamber and the width of 
the ori&ce leading to this chamber. By subjecting crabs to 
the action of sea-water made turbid by china-clay, Weldon 
showed that only crabs with narrower carapaces survived, 
and that these alone were able to prevent the clay from entering 
the gill chamber and so to maintain their respiration unimpaired. 
Prof. Bumpus, after a blizzard in New England, collected the 
sparrows which had succumbed and, measuring their chest 
dimensions, found that these were narrower than the average 
in a random sample of the surviving population. 

But the greatest difficulty in the way of accepting the 
doctrine of indefinite variability was furnished by the results 
of what have been called “ pure-line ” investigations. By this 
term is meant investigations which have had for their object 
the determination of the inheritance of variability amongst the 
offspring of a single parent. There are three ways in which 
sucn a population can be raised, viz. (i) we can self-fertilise the 
eggs of an hermaphrodite animal or plant, or {2) we can rear 
the progeny of a parthenogenetic female, or (3) we can isolate 
the offspring of a single Protozoon reproducing itself asexually 
by transverse fission. 

^ All three ways have been employed. Prof. Johannsen 
raised a crop by sowing a single bean. When the bean plant 
had grown up, he self-fertilised the flowers with their own pollen 
and thus secured his first crop of beans. He sorted these beans 
into lighter and heavier lots and sowed them, again self-fertilising 
the plants which he thus raised. He found that on an average 
the offspring of a lighter bean were just as heavy as those of 
a heavy bean, and that it was impossible, by practising selection 
through several generations, to effect any change in the 
hereditary characters of the stock. The apparent change 
produced by selection in a mixed population, the offspring of 
many parents, he explained by supposing that such a population 
was a mixture of various strains—each strain with its own 
unalterable hereditary tendency. When the cultivator selected 
through several generations a heavier bean, only the strains 
producing the heaviest beans were left, all those giving rise to 
lighter beans having been eliminated, and so the average of 
weight amongst the population was raised. When, however, 
ail ^ut one strain had been weeded out, further selection had no 
resdltl 

Agar experimented with the parthenogenetic Crustacean 
which carries its eggs in a brood pouch on its 
bade, mm which they emerge in a form not unlike the parent. 
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FuUy adult size is attained in three or four moults. Agar found 
that these Crustacea varied in the length of their carapace, 
and he tried, by selection from amongst the offspring of a single 
individual, to produce strains with longer and shorter carapaces 
respectively. He utterly failed to do so ; in fact, he states that 
the offspring of an individual with a short carapace showed 
on the average a rather greater carapace length than the off¬ 
spring of an individual with longer carapace. It is to be noted, 
however, that the length of carapace tended to vary with the 
temperature of the water in which the Crustacea were living, 
and that Agar had to introduce a correction for this variation. 

Jennings produced offspring by the repeated division of 
single specimens of the slipper-animalcule Paramecium. He 
arrived at the same result as Agar. The offspring of a single 
individual varied in length about a fixed mean; if from amongst 
them specimens were selected to carry the culture farther, it 
was found that the mean length of the progeny of a short 
individual was exactly the same as the mean length of the 
descendants of a longer individual. 

The concordance of the results of these three investigators 
is very remarkable. One could hardly choose three organisms 
more remote from each other in the scale of life than a flowering- 
plant, a Crustacean, and a Protozoon. We are driven, I think, 
to the conclusion that there is no evidence of the existence of 
that variability to an indefinite extent in all directions which 
Darwin postulated. In a word, the minute differences dividing 
members of one litter from one another are not inheritable. 
It is usual nowadays to attribute such differences to accidental 
variations in nutrition either pre-natal or post-natal, and they 
are termed fluctuations. If we reject both-the inherited 
effects of habit and indefinite variability, there remains only 
a third alternative to fall back on, vie. the strongly markea 
variations formerly denominated sports or monstrosities, wifich 
sporadically occur not only amongst our domesticated breeds, 
but also amongstwild species, andwhich are known to be strongly 
inherited. It is no part of our purpose to weary the readw 
with a recital of the well-known laws of Mendel, which hay* 
been discussed ad nauseam in this journal; but we should like 
to remind him of two things : first, the laws of Mendel deal With 
the hereditary behaviour of these sports when crossed with 
the normal type, and not with their origin ; and, secondly, the 
sports are relatively rare in their appearance, and as a rule are 
found only in the proportion of one to many thousands of normal 
individuals bom. 

It was on this rarity that Darwin fastened when he rejected 
these variations, or “ mutations ” as they are now termed^ a» 
the possible material for evolution. The chances of a sport. 
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if it survived, mating with its like he considered infinitesimal, 
andiif it mated with the normal, he believed that its peculiar 
character would be swamped. It is true that Mendelian laws 
somewhat mitigate this objection of Darwin's ; we know that 
the sport, when crossed with the normal, though apparently 
obliterated in the first generation, reappears in the proportion 
of one in four in the second generation ; but still the main force 
of this objection incontrovertibly remains. The fortuitous 
destruction of young in all stages is so great that the chance 
of a favourable variation which occurred at rare intervals 
seriously influencing the next generation must be considered nil. 

But this rarity is by no means the only difficulty which we 
encounter when we endeavour to account for evolution in terms 
of “ mutations." It will scarcely be denied that the differences 
between closely allied species give us some idea of the initial 
steps of evolution. If, however, we compare these differences 
with the most frequent mutations, we are struck with the entire 
dissimilarity between the two. 

Bateson, in his Materials for the Study of Variation (1894), 
collected and figured a large number of these mutations, and 
suggested that in their abrupt divergence from the normal they 
give an explanation of the apparent discontinuity of species. 
Wallace, in criticising this conclusion, pointed out that none of 
Bateson's mutations could have played any part in the evolution 
of vertebrates or arthropods. 

Alien and Sexton * have investigated the mutations in the 
eye of the fresh-water shrimp Gammarus ; they have shown that 
when these mutations are crossed with the type the progeny 
behave in a normal Mendelian manner. The eye of the type has 
dark brown pigment, but a sport with red eye pigment turned 
up, and later one with colourless eyes. In some of these sports 
the lenses tended to be dissociated from one another. 

Now Schneider * has examined the eyes of the Gammarus 
living in the subterranean waters of Clausthal. He finds that, 
compared with theeyes of the type, the eyesof these subterranean 
forms are larger but shallower and that the pigment is somewhat 
darker. At the periphery of the eye, however, the eye elements 
are beginning to be dissociated from one another. This dis¬ 
sociation Schneider attributes to a diminution in quantity of the 
pigmaft embracing these elements and holding them in place. 

Vejdovsky has examined the eyes of two genera allied 
to Gammarus, Bathonyx* and Nipkargus,* which live in 

* " Eye-colour in Gammarus/^ Jour, of Genetics, vol. i*. No. 4, 1920. 

* “ Die nnterirdische Gammarus von Clausthal," Sitxberichte Kdnig. freuss. 
Akai. Wise., Berlin, 1885. 

* Ueber einige Sasswaaseramphipoden," Silsungb. KOnig. bdhm GeselL, 

1903. * Ibid., 1900. 
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comparatively deep water, and finds further stages in iwe- 
reduction of the same kind as those described by Schneider. 
Thus in Baihonyx the eye elements, or ommatidia, are greatly 
reduced in number and quite separated from one another: 
each is still immersed in pigment. The crystalline c(mes are 
degenerate, consisting of oval, clear vesicles. Finally, in 
Niphargus the pigment has disappeared, but so has all trace of 
eye-structure, a lengthening of the hypodermic cells in the eye- 
area alone remaining. We see that the natural reduction of 
the eyes of Gammarids due to loss of function has pursued a 
totally different course from that indicated by the pathol(^cal 
mutations described by Allen and Sexton. 

Another difficulty in regarding mutations as the material 
for evolution lies in the demonstration by Bateson and Punnet 
that when two strains are crossed one of which is dominant 
to the other, the recessive strain is distinguished from the 
dominant by the absence of some factor or ingredient present 
in the dominant. Further, when the wild ancestor of the 
domesticated form can be identified, as in the case of the pea, 
all the dominant “ factors ” are found conjoined in this ancestor, 
so that apparently all mutations which have given rise to the 
domesticated breeds have been of the nature of losses. The 
recognition of this fact led Bateson in 1914 to suggest that the 
evolutionary process had consisted in a series of losses, and that 
the qualities of Shakespeare were innate in the original Amceba, 
but were prevented from manifesting themselves by inhibitory 
factors which were subsequently dropped. The facts which 
suggested to Bateson this paradoxical conclusion should lead 
us father to conclude that mutations are not the raw matmal 
of evolution, a conclusion which, oddly enough', was adopted 
by Bateson on other grounds in his Toronto address and i» a 
speech to the Genetical Society at Wimbledon in 1922. 

It is not true, however, that all mutations are recessive to 
the type. Indeed, the mutations of the combs of fowls, whidi 
led Bateson and Punnet to formulate their " presence and 
absence ” theory, are dominant to the “ single-comb ” of o»r 
game-breeds, which is also characteristic of the wild jungk)* 
fowl ancestor Callus bankiva. Leaving these mutations on the 
one side for the moment, let us look at other cases of dominant 
mutations. 

Bateson, in his book Mendel's Principles of Heredity (1909), 
gives a list of dominant mutations in Man. These indniie 
(a) brachydactyly, the fusion of two joints so as to produce 
short, stumpy fingers; {b) early congenital cataract, *.«. the 
loss of transparency in the lens of the eye; (c) Tylosis fdant 0 i» 
and palmaris, i.e, the abnormal thickening of the skin on tihih 
palms, of the hands and soles of the feet; (d) Epidermt^yiiiM 
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lmlios 0 , liability of the skin to blister for. trifling causes; 
Hypotrichosis congenita familiaris, i.e. the complete loss of 
hair at birth. We are at once struck with the monstrous 
and pathological character of these, and this impression is 
heightened when we survey other cases of dominant mutations. 
No animal has been more thoroughly investigated for its 
hereditary factors than the little banana-fly Drosophila melano^ 
gaster, Sturtevant estimates that 10,000,000 specimens of 
this fly have been raised for experimental purposes, and no less 
than 250 distinct mutations have appeared amongst these 
laboratory animals. Of these the vast majority are recessive 
when crossed with the wild type, but some few are dominant. 
These dominant mutations are plainly monstrous, and when 
crossed with one another are not fertile. Gates has produced 
evidence to show that this is also true of the apparently slight 
and comparatively harmless mutation, brachydactyly in man. 
\^en two brachydactylous people marry they have no 
children. 

We have noted above that the types of comb in fowls known 
as rose and pea are dominant to the single-comb characteristic 
of the wild ancestor. We might be challenged to prove that 
these t5rpes are monstrous variations, for the barnyard fowls 
showing them are not unhealthy. But these aberrations are 
members of series of increasing divergences from the normal 
type; more extreme types, such as the Breda comb, show a few 
feathers intervening between the lobes of the comb, and the 
series culminates with the Polish fowl, in which the comb is 
represented by a soft swelling carrying a large tuft of feathers 
beneath which there is a large vacuity in the skull. We can 
see, I think, that both dominant and recessive mutations belong 
to the same category—in each case we have to deal with a 
failure of regulation. We now know that in the growing and 
developing embryo, the development of any part controls and 
is controlled by the development of other parts, and in a healthy 
animai there is a balance between the growth of the various 
organs which determines the specific features of the animal. 
It is this balance which we term regulation, and it is the 
disturbance of this balance which gives rise to a Mendelian 
mutation. If the disturbance is relatively slight, so that, when 
prawnt in one parent only, the child appears to be normal, then 
mutation is said to be recessive] but if it is of a more 
fundamental character, so that its appearance in one parent 
results in visible consequences to the child, then it is said to be 
^hmimaU. 

A very small acquaintance with wild species teaches us 
that e^ch has its own regulatory balance ; and so the 
ultimate problem of the origin of species resolves itself into 
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the answering of this question: When one species is derived 
from another, is the original regulatory balance chanircd into 
a new one, by the chance occurrence of a series of small distur- 
bances (mutations), or is the new regulation a direct adaptation 
of the daughter species to the new conditions ? 

Sturtevant ^ has endeavoured to answer this question by 
examining all the wild species of Drosophila found in NotiJi 
A merica. His conclusion is as follows : “ The species usually 
differ slightly from each other in innumerable characters, but 
are not strikingly different in any character. The mutant races, 
on the other hand, are alike in most details of their structure, 
but often differ strikingly in a few characters.” Nevertheless, 
Sturtevant endeavours to persuade us that specific differences 
are of the same kind as mutations. This he does by trjdng to 
find analogies between Drosophila mutants and the characters 
of other species. In this search he seems to us to be singularly 
unsuccessful. He only succeeds in getting ” suggestions " of 
similarity, and to do this he has to search amongst different 
genera, sub-families, and even sub-orders. Even granted that 
he was successful (which he is not), it seems to us that the 
Darwinian difficulty in accepting mutations as the material for 
evolution would be intensified a thousandfold. For if these 
mutations occur very rarely (which is the case), and if allied 
species differ from one another in hundreds of small independent 
characters, then each of these divergent characters must have 
arisen as an independent mutation ; and the chances of an 
individual combining two mutations each of which appears in 
one of a thousand cases would be one in a million ! 

There is another objection to considering mutations as 
analogous to specific differences which is strongly insisted on 
by Bateson. He points out that all the mutants of Drosophiha, 
however divergent in character, are fertile when crossed ivith 
the parent stock, but it is only possible to make one interspecific 
cross in the case of Drosophila, and in this case the hybrids are 
completely sterile. 

We shall deal later with the question of interspecific sterility, 
but the difficulty that species differ from one another in many 
characters has been recognised both by Darwin and by De VrU».. 
As Darwin was fully convinced that the variations on which 
natural selection worked must be of a kind that frequently 
occurred, it was obviously a reasonable supposition to make 
that natural selection first favoured the intensification of one 
character ; and then of another, that, in a word, many of the 
differentiating characters separating species had been evolved 
one at a time. Then Darwin pointed out that the acquisitiem 

‘ The North American Species of Drosophila^'* Carnegie Institution cif 
Washington, 1921. 
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or intensification of one character entailed modification in 
others <^ther by mutual pressure or correlation of growth. 

Wb<m, however, the inheritability of Darwin’s " indefinite 
variability ” was questioned, this explanation would no longer 
hold. Then De Vries announced that he had discovered the 
origin of genuine new species in the case of the evening primrose, 
CEnotkera lamarckiana. Selecting three plants from a potato 
field, he transferred them to his botanical garden at Amsterdam 
and raised from them thousands of plants. Amongst these 
there appeared in small proportions (usually one in a thousand, 
rarely one in two hundred) sports of various kinds, which, when 
fertilised with their own pollen, bred true. To each of these 
sports, which he regarded as incipient species, he gave a special 
name, and as each differed from the type not in one but in many 
small characters affecting stem, leaves, and flowers, he came to 
the conclusion that CEnotkera lamarckiana was a species under¬ 
going a fit of mutation and throwing off new species which 
arose fully equipped with all their differentiating characters, 
like Minerva from the head of Jove. It was, of course, em¬ 
barrassing to fail to find any other species in a similar “ fit ” : 
this rather raised the suspicion that there must be something 
peculiar in the constitution of CEnotkera to account for the 
phenomenon. Further inquiry has confirmed this conclusion. 
CEnotkera belongs to the North American family of the 
Onagracea, only one genus of which {Epilobium) is native to 
Europe. The species CEnotkera lamarcktana is not found wild 
in America ; it has been used as an ornamental garden plant in 
Europe for a century and a half, and it seems very probable that, 
like so many other garden plants, it owes its origin to the art 
of the gardeners in hybridising two wild forms. This supposi¬ 
tion is supported by the fact of the relatively great sterility 
of the pollen, only about half of it being good. The mutants 
might, then, be regarded as Mendelian segregates. 

Davies and Cleland have investigated other species of 
CEnotkera, notably CEnotkera franciscana and CEnotkera grandi- 
fiora. They find that in these forms nearly all the pollen is good 
and a very large proportion of the seed germinates, and that no 
mutations appear. The culture of these forms was carried on 
for eight years. 

The results of these workers seem to. us to justify the dis¬ 
missal of the mutants of CEnotkera as throwing any light on 
the origin of species. Since, then, we cannot rely on mutations 
as the material for evolution, we are driven to ask whether the 
effects of use and disuse may not after all furnish us with what 
we require. The primary question is, of course, whether these 

^ The Reduction Divisions in the Pollen Motber-ceils of 
SSfM,” 4mtr. Jim. Bet,, vol. ix. 



88 


SCIENCE PROGRESS 

effects are in any degree inherited. In my previous p&pess to 
Science Progress 1 pointed out that there existed records 
of experiments performed in Vienna extending over e^hteen 
years, which, if true, definitely proved that alterations in 
structure due to use were to a certain extent handed on to the 
next generation. The usual answer to this is to say that the 
results rest on the word of a single experimenter (Kammerer), 
and, therefore, cannot be accepted until confirmed. Of course,- 
all discoveries in biology must remain doubtful until confirmed 
again and again, but those Mendelians who make this criticism 
of Kammerer’s work show no inclination whatever to repeat his 
experiments and so test the truth of his conclusions for them¬ 
selves. Until they do so, their criticisms are out of court and 
the experiments remain a prima facie evidence of the in- 
heritability of acquired characters. Quite recently, however, 
confirmation of Kammerer’s correctness has come to light. 
Przibram has publicly asserted that all Kammerer’s work is 
bona fide and was done under Przibram’s supervision, and 
Przibram’s reputation as one of the leading physiolo^cad 
biologists of Europe is sufficient to crush at once the insinuations 
of dishonesty and fraud on Kammerer’s part in which leading 
Mendelians have indulged. 

In my previous paper I mentioned that one ground for the 
suspicion alleged against Kammerer was his statement that, by 
inducing the midwife toad Alytes, which normally pairs on 
land, to breed in water, he had succeeded in causing the male 
to develop a horny nuptial pad on the hand, similar to the 
pad developed by the males of other frogs and toads during the 
breeding season. Bateson visited Vienna in 1910 and challenged 
Kammerer to produce a modified male Alytes and Kammerer 
failed to do so—the reason being, as Kammerer explained later, 
that he was keeping all the modified males in his possession for 
breeding tests and that the nuptial excrescence was cast off 
when the breeding season was over, and that therefore no 
toad showed this excrescence at the time of Bateson’s visit. 

This year (1923), however, Kammerer visited England aS 
the guest of the Cambridge University Natural History Society, 
and he delivered an address to the Linnean Society at whi^ 

jPf* critics were present. He exhibited a 

modified male Alytes, and also sections through the skin of 
the acquired nuptial pad. In the subsequent discussion 
Bateson generously ana unreservedly withmew all charges 
against Kammerer’s bona fides and frankly accepted his Faults 
as genuine. The only question therefore remaining was as 
to the mterpretation of these results. Bateson made tlnee! 
objections which were easily answered. These were: (1) that 
the homy skin on the hand of the male Alytes could not be n 
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atlptifll pad, because the male clasps the female with the dorsal 
stuf^e of the hand and the horny pad was on the ventral 
sut^e. 

(3) That the sections through the pad differed from the 
sections through the nuptial pads of other Anura in that the 
chmracteristic papill® were absent. 

(3) That if a change in hereditary potency were really 
effected, he could not understand why duration of time was 
supposed to be effective, any more than it was necessary when 
a definite chemical change occurred in a non-living substance. 

The answer to (i) is that all Anura have the nuptial pad 
on the ventral surface of the hand or forearm, and presumably, 
therefore, the male clasps the female with this surface—and 
that Alytes does not differ from other Anura in this respect. 

To (a) it may be answered that the section which Kammerer 
exhibited at the meeting of the Linnean Society showed all the 
characters of a nuptial pad. The papilla were not so much 
developed as they are in the nuptial pad of a frog, but they 
were obviously of the same nature. Kammerer stated that 
every species of toad which he had examined showed a nuptial 
pad of different but characteristic structure. Bateson’s 
criticism was largely based on sections which Kammerer had 
sent him some time before in which the characteristic papillae 
were not so strongly marked as they were in the section shown 
at the meeting. 

The third objection raised by Bateson has its origin entirely 
in his own crude conceptions of the nature of hereditary change. 
He evidently regards it as a process similar to that by which, 
for instance, sulphur dioxide (SO2) is converted into the tri¬ 
oxide (SO,). The sudden appearance of Mendelian sports, and 
the persistence with which, once they have appeared, they 
transmit their characters to posterity, doubtless have suggested 
this view. But if acquired characters—or, in simpler words, the 
modifications of structure due to modified habit—are really 
inherited, then we must take a different view of the process. 
We must imagine that there is a slow accumulation in the 
germ-cells of substances produced by the modified structures, 
and the accumulated work of generations may be necessary 
before the new tendencies can entirely override and suppress 
the ancestral ones. 

Kammerer gave a brief description of some as yet unpub¬ 
lished work on the Ascidian dona intesHnalis, which he—^we 
think with good reason—^regards as absolutely decisive on this 
question. As these experiments require a relatively short time 
for their execution compared with experiments on salamanders 
and toads, there is hope that they wifi be soon repeated in this 
cotiatry and that critics will consequently be silenced. Briefly 
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these experiments amount to this. Cima has long transparent 
inhalent and exhalent siphons. If these be cut off they are 
soon regenerated. If they be again cut off and this process 
repeated several times, the animal eventually produces siphons 
much longer than the normal ones. If it be allowed to repro¬ 
duce (and as it is a hermaphrodite animal it can be “ selfed,” 
so that complications of crossing are excluded), then the young 
from the beginning of their growth produce siphons very 
much longer than those produced by the young of control 
specimens which have not been subjected to this process of 
amputation. 

It is difficult to find in the work of any other author observa¬ 
tions exactly parallel to those of Kammerer, for the reason that 
no one else has had the patience and perseverance to carry out 
difficult experiments extending over a course of eighteen or 
nineteen years. 

Nevertheless, some work has been done which indirectly 
supports Kammerer. We have stated that if the effect of 
habit is to be handed on to the offspring, the altered body 
tissues must in some way affect the germ-cells, and that we can 
only conceive of this happening through the emission by the 
tissues into the blood of some chemical (hormone) which acts 
on the germ-cells. Now Guyer and Smith, by injecting the 
pulped-up lens of a rabbit into a fowl, produced a cytolysin 
which, when injected into a pregnant rabbit, checked or in¬ 
hibited the development of the lens in some of the embryos in 
her womb. These embryos when born developed into rabbits 
with imperfect eyes, and these when bred transmitted the 
defect for six generations, and the defect was inherited through 
the male as well as through the female. Guyer’s conclusion 
is that the lens of the defective eye emitted a hormone which 
was absorbed by the germ-cells. 

We have no a priori right to assume that if an animal is 
exposed to conditions to which it fails to respond adequately, 
and in consequence of which its structure and mnctions undergo 
degeneration, this degeneration should be handed on by in¬ 
heritance. Nevertheless, if we should find that this is actually 
so, it would strengthen our belief in the inheritance of the 
effects of habit, which are, after all, only the structural and 
functional effects of exposing an animal to conditions to which 
it can respond. 

In Science {or December 1$, 1923 (New Series, vol. Ivi, No. 

1480) ,Griffithsrecords the results of a series of experiments made 
on white rats. These animals were confined in small circular 
ca^es mounted on vertical axles, which were kept in constant 
uniform rotation day and night. The rate of rotation varied in 
different cases from one a second to three t j m ea in two seconds. 
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Alter a sojourn of some months in these cages some of the rats 
were removed to terra firma. These rats showed permanent 
changes in bodily movement and posture. The animals con¬ 
tinued to move round and round their nests and to twist the 
head to the right or to the left. Occasionally swellings and 
discharges in the region of the ear were discovered, and frequently 
there was a loss of tone in the body-muscles ending in death. 
The pathological features usually showed themselves a week or 
two after the rats had been removed from the cages. Before 
this occurred, some individuals were mated with normal control 
white rats. These unions gave rise to offspring some of which 
showed the same “ disequilibration ” symptoms as did their 
parents which had been in the whirling cages. These symptoms 
nave appeared in some rats of the fourth generation ! Alto¬ 
gether, out of a total progeny of various generations of 500, 60 
disequilibrated individuals have been found. This is perhaps 
the most striking evidence in favour of the inheritability of the 
effects of the environment which has as yet come to light. 

There is, then, good prima facie evidence that continued 
exposure to new conditions induces changes in animals which 
are to a certain extent handed on by heredity. If we accept 
this evidence, then, we can understand why so many species of 
plants and animals are divided into local races. Incidentally, 
we may remark that the word “ race,” like the word ” variation,” 
has been used in various and mutually contradictory ways. 
It is used, for instance, for the progeny of a pair of selected 
individuals and for the members of a domesticated breed or 
strain. In the sense, however, in which we use it, it is equivalent 
to what Lord Rothschild has called a subspecies. Darwin uses 
the word “ variety ” in the same sense. In the Origin of 
Species (p. 264) he says if we lay on one side ... all 

mere temporary variations such as size and albinism, the more 
permanent varieties are generally found inhabiting distinct 
stations, such as high land or low land, dry or moist districts, 
etc.” 

The investigation of these local races is a difficult problem 
far beyond the means of the average zoologist. It can only 
be carried out by gjeat museums with large funds at their 
disposal, and yet it is .vital to the solution of the problem of 
species. Lord Rothschild, with the help of his admirable 
curators in his museum at Tring, has done great service in 
determining the occurrence and distribution of these races, and 
his experience—^which has involved the collection of hundreds 
of specimens of the same species from each region where it 
occurs, all over the globe— 4 eads him to assert that all species 
except migratory ones can be divided into local races, and that 
no Ime can be drawn between the distinguishing marks of the 
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distinct races of a species and those of closely allied species livii^[ 
in distinct regions. 

Similar conclusions have been arrived at by Schmidt 
in dealing with the common eel and the so-called viviparous 
eel. The common eel is found in all the fresh-water lakes and 
streams of Europe and North Africa, and it migrates to the de^ 
waters of the North Atlantic to spawn. As eels arrive in the 
same place from all quarters, and as the spawn deposited by 
those of one district is continually fertilised by the milt of the 
males from another district, it is not to be wondered at that no 
local races of the eel exist. On the other hand, a contrasting 
case is afforded by the so-called viviparous eel Zoarces, which 
is an elongated Blenny. The young of this fish come into the 
world with habits like those of their parents; they are not 
migratory, but tend to form small semi-permanent communities 
wherever they are found. As a result the local races of this 
fish are legion in number—distinct races occur at the upper end 
and at the mouth of the Lijm Fiord, in Jutland, for example; 
and the differences between these two are correlated with 
greater sluggishness in the first case and greater mobility in the* 
second. 

A beautiful example of these local races was given to the 
writer by Lord Rothschild. A certain species of crested lark 
is found in Algeria. As one traces it from the seaboard to the 
edge of the Sahara Desert it changes in colour from brown to 
sandy grey. But scattered over the fringe of the desert and 
breaking up the sandy waste are patches of red earth. On these 
patches in the breeding season are to be found pairs of la rks 
of a reddish-brown colour contrasting strongly with their grey 
companions which make their nests on sandl Another example, 
taken from lizards, has been described by Boulenger,^ and is 
based on an examination of British Museum material. The 
lizard Chalcides ocellatus extends from the Canary Islands 
through Morocco, Algeria, Tripoli, and Egypt to Somaliland. As 
one traces it eastward it changes its shape from a short, thick¬ 
bodied form with stout legs to a long, slender form with thin, 
weak limbs. When the two extreme forms are contrasted with 
one another, they seem to belong to distinct species, and yet an 
unbroken continuity can be traced between them by 
intermediate forms. 

But we now encounter the objection raised by Bateson: 
that^ whereas local races are fertile when crossed, “ pairs of 
species ” are almost always separated by the barrier of sterility. 
He further states that to explain species we must await proof 
of the occurrence of mutations amongst the progeny of the same 
parent, which should render some of them unfertile when crossed 
» *' On Some Lizards of the Genus Chalcides,” Proe. Zool. Soe. (LmuL), 2930, 
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with the rest. The point of view of Willis in / 4 ge and Area 
is somewhat similar. He arrives at the conclusion that 
" endemic species," that is species confined to small areas, are 
not the last lingering remnants of species on the verge of 
extinction, but new species which have lately originated by 
sadden mutations and which have not as yet spread far from 
their point of origin. Willis bases this extraordinary con¬ 
clusion on the statement that the older a genus is the more 
species it possesses. 

It will suffice to say that Willis’s arguments have been riddled 
with destructive criticism which has descended on them 
from all quarters. It has been pointed out that a genus is a 
perfectly arbitrary conception totally incapable of definition, 
that its extent depends on whether the “ lumpers ” or 
" splitters ” have been in the ascendant at its formation, and 
that its age is a highly speculative affair to which no palseo- 
botanist will commit himself. Some of the special instances 

? ut forward by Willis have been shown to be entirely misleading. 

bus he states that one species of Labiate ‘ covers the lower 
grounds and rises to a certain height on a mountain, whilst a 
distinct but allied species occupies the summit. This latter he 
regards as a new species. Further investigation has shown that 
the supposed new species is closely allied to others occurring on 
distant mountain-tops, and that this group, so far from being 
new formations, are the remains of an older flora on the verge 
of extinction. 

But in the light of what we know of the origin and distribu¬ 
tion of local races, the reply to both Bateson and Willis is easy. 
" Pairs of species," whose territories adjoin, are not closely 
allied and have not arisen by a process of sudden mutation from 
a common ancestor, but are usually extreme terms in a process 
40f variation, the intermediate terms of which are either extinct 
or are to be found in distant regions. Innumerable instances 
leap into the memory; a few are subjoined, taken from the special 
group studied by the writer. Thus the two common species 
of the starfish Asterias found in the English Channel are A. 
vulgaris and A. g/octo/ts, which are extremely distinct from one 
another. The nearest ally of A. rubens is not A. glacialis, but 
is A. vulgaris, which is found on the east side of North America. 

Two " sun-stars " with eleven to thirteen arms of the genus 
Sdasder are found side by side in the Firth of Clyde. Solaster 
papposus has rather long tufts of spines and is of a colour 
which fluctuates between straw and orange. Solaster endeea, 
on the other hand, has shorter tufts of spines and is of a 
magnificent purple-red colour. Close allies of both species are 
found hi the San Juan de Fuca Strait between Vancouver 
‘ Coleus barbaiits and Coleus elougalus. Vide Age and Area, p. 151. 
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Island and the mainland; and these Pacific species are separated 
from one another by much the same differences of colour as 
are the two Clyde representatives. The two common sea- 
urchins of British waters are the large organge-red Echinm 
esculentus and the much smaller green "burr” E. miliaris. 
The nearest ally of E. miliaris is E. microttiberculatus of the 
Mediterranean. 

But again there is great difficulty in discriminating between 
races and species, and the test of mutual sterility has been 
applied in only a very few cases. The red grouse of Scotland 
and the willow grouse of the Continent have always been 
regarded as two distinct species. Yet when a Scotch landowner 
imported willow grouse into Scotland and allowed them to run 
wild, in two or three generations their progeny became 
indistinguishable from the red grouse; and when red grouse 
were taken to Norway, they reverted to the form of willowgrouse 
in a few generations. Part of this result may be attributed to 
intercrossing, but it is contrary to all " Mendelian principles ” 
to assume that one race is dominant to another in Scotland and 
recessive to the same race in Norway. 

Like Darwin, we may fairly assume that sterility is a by¬ 
product of increasing divergence of organisation, and like this 
divergence, that it is of all degrees of intensity. 

Bat the doctrine of the survival of the fittest implies that all 
organs of an animal shall be useful—that is to say, shall have 
some function—and this also forms a ground of attack on the 
theory by Willis, who points out how apparently useless are 
some of the discriminating features of species. Thus he asks: 
How can some trifling peculiarity of the calyx of the flower of 
a tree determine its survival when the flower is only produced 
after the tree has lived thirty-six years and has successfully 
undergone its struggle for existence? It might be replied that 
the form of the calyx might have some close relation to the 
dispersal of the seeds or even to the fertilisation of the flower, 
and that this could not be ascertained unless a close study of the 
life of the tree had been made— anid in most cases this has not been 
done. But if we recall the principle that all the features of an 
organism, whether plant or animal, are the outcome of its 
REGULATORY BALANCE—that is, of its reaction as a whole to the 
conditions in which it lives, to the heightening of some functions 
and to the inhibition of others—then it will be seen that we are 
under no obligation to explain the definite utility of every spedfic 
feature. Some of them are by-products or indirect results of 
the functions of other parts, and both the objection and its 
proper answer were given by Darwin, only what we have called 
regulatory balance he calls correlation of growth and com* 
pensation of growth. 
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Natural selection will, then, mean the survival of those 
individuals which respond most quickly and fully to the stimulus 
of the environment, that is, of those which are of a healthy and 
vigorous constitution. Darwin viewed as a great support of his 
theory the occurrence of embryonic rudiments such as the gill- 
slits of the embryo chick which resembled permanent structures 
in other forms. These he interpreted as due to the tendency 
of inheritance to produce corresponding structures at progres¬ 
sively earlier periods of life. Shortly after the publication of 
the first edition of the Origin of Species his leading continental 
supporter, Haeckel, enunciated his “ Fundamental Law of 
Biogenesis,” vis., that the embryo in its development tends to 
” recapitulate ” the history of the race. This law has been the 
inspiration of the study of embryology ever since his time. It 
has been criticised again and again; but nature is stronger than 
criticism, and its very opponents admit it in practice whilst 
den^ng it in theory, for every one of them, when seeking to 
explain mutual affinities, seeks eagerly for indications given by 
the structure of young forms. We have no space for a general 
discussion of the validity of the law, but we may briefly 
notice the objections raised by the latest critic. Prof. Gar- 
stang, which merely demonstrate that he does not understand 
it. Prof. Garstang, in a recent paper to the Linnean 
Society,* raises two objections: first, that in evolutionary 
progress, an animal does not grow up to adult life as one 
form, and then add on a new spell of life during which it 
becomes another form ; and, secondly, that the supposed 
ancestral stage in the life-history does not exactly re¬ 
semble the ancestor from which, on other grounds, we may 
suppose the present race to have been derived. But does Prof. 
Garstang seriously suppose that Haeckel did not see these two 
obvious objections ? Indeed, the very word “ recapitulate ” 
is intended to indicate only a general resemblance between 
larva and ancestor, whilst it is sufficiently clear that progress 
in evolution would not necessarily mean increasing length of life. 
But what ” recapitulation ” records is the successive assumption 
of different habits and the corresponding structures by the race 
in its development, and the successful assumption of new habits 
can be accomplished only by young and plastic individuals, as 
every schoolmaster knows, so that the point at which the 
new life must be entered on is at the beginning, and not the 
completion, of adolescence; it is the young adult whose structure 
Ml ” recapitulated,” not the fully developed one. Once new 
habits have been acquired, they tend with constant and 
successful repetition to be more and more deeply engrained, 

I '* 'n>e Theory of Recapitulation: A Critical Restatement of the Bio- 
guetic Law,” Jour. Linn. Soc., vol. xxxv, September 1922. 
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».«. to appear ever sooner in the life-histoiy, and the ancestral 
larval stages are correspondingly relegated to ever earlier periods 
of development. 

To sum up, we find that in its general outlines the Darwiniui 
theory of evolution is as securely based as ever it was, and that 
it has withstood all the assaults of “ Mutationism ” and 
“ Mendelism," the relevancy of which to evolution has been 
given up by their principal exponents. “ Natural selection *’ 
determining the survival of the functionally efficient, and 
inheritable variabilitv bringing about changes in function and 
the structure related thereto—^these are the corner-stones of 
Darwinism, and nothing has transpired which can shake them. 
We have pointed out that Darwin regarded “ conditions of life," 
t.«.environment,as the cause of variability, and that he conceived 
of the environment as acting in two ways, vis. (i) indirectly 
by inducing a general plasticity, and (2) directly by alteration 
of habits and consequent modification of structure, and the 
inheritance of these. 

The progress of research has thrown considerable doubt 
upon the action of the first cause; but Darwin's belief in 
the second cause has been vindicated, and it is seen to be the 
key to the riddle of evolution. In his great book, to which 
the Origin of Species was intended to be an introduction, Van-' 
ation of Animals and Plants under Domestication, Darwin 
introduced his theory of Pangenesis to explain inherited 
variability. This theory, which has been ridiculed as altogether 
fanciful, supposed that " gemmules ” were produced by every 
5 art of the body and thrown into the circulation and accumu- 
ated in the germ-cells, and so alterations of structure caused 
3y the environment were handed on to the next'generation. 
If we substitute for the word " gemmule " the word " hormone," 
is not this theory amply justified by the most recent work ? 
Kammerer, indeed, has expressly accepted this theory as giving 
an explanation of his own results. 

Doubtless Darwin was mistaken in drawing too close a 
parallel between the monstrosities of domesticated breeds and 
the adaptational peculiarities of wild races exposed to the fierce 
struggle for existence; but nothing would have horrified him 
more than the idea that every detail of the argument set forth 
in the Origin of Species should be regarded as the last word on 
a subject of which, as he himself saw, our knowledge was only 
beginning. / 

He would have welcomed the new knowledge, and so long, 
as Darwinists, we take our evolution from Darwin and not 
from Weismann, our position is impregnable. 



THE EVOLUTION OF THE FUNCTIONS 
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At the present day it will hardly be denied that the most 
significant event in the history of biology during the last 
half>century was the rise of the conception of evolution. 
But perhaps the most interesting fact which presents itself, as 
one examines it, is the quite insignificant part which it 
has played in physiological thought. Fourteen years ago, 
Keith Lucas published a paper in this journal, entitled, “ The 
Evolution of Animal Function,” in which he discussed the 
probable reasons for this remarkable isolation of physiology 
from the evolutionary outlook. “ The Evolution hypothesis,” 
he said, ” has not affected students of physiology, functional 
relationships have not influenced taxonomy; nor has the idea 
of evolution interpreted known facts of function. . . . The 
exclusion of functional considerations from classification has 
robbed physiology of that compelling stimulus which has 
made morphology a comparative science.” The exclusion of 
ph^ogenetic considerations from ph3rsiology is certainly as 
much to be deplored from the physiologist’s standpoint as from 
that of the zoologist, for the greatest ignorance exists at the 
prescmt day as to the evolution of the various functions of 
the body. By the evolution of function is here meant, not the 
tnfmmation to be gained such studies as to the position or 
plassification of any group of organisms, but the actual series 
of stops by which a function grew from its simplest to its most 
COto|&x form. Respiration in the amoeba is a very different 
thhig: from respiration in the mammal; but when did the 
dilEstbnces arise and how did they develop ? 

How this bonception of physiological evolution includes 
two Unes of development; that of minute structure both lus> 
and chemical, and that of dynamic function in ito 
stno^t sense. Theoretically, the evolution of histological 
slmuld be dealt with by the morphologist, but it is so 
diiliidt to separate in thought minute form from functitm 
tlilit»fuch a proceeding is impossible. And, indeed, it is notice* 

w 
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able that the morphologists, in their consideration of the 
evolution of animal form, have left histological structure 
almost entirely alone. For many years, they left histobf^ 
altogether to the physiologists, but of late they have daimea 
it again as their province, refusing to remain mere anatomists 
concerned only with gross structure. It is difficult enough to 
separate histological form from function, but it is still more 
so if we descend further, to molecular and atomic dimensions. 
For example, we can hardly think of the chemical make-up 
of a nerve-cell without thinking of the work it has to do. In 
fact, at the level of the atom, the morphologist and the ph3rsio- 
logist blend into one. 

If, then, we propose to follow out some such line of thought 
as that sketched above, it will be well to give a detailed con¬ 
sideration to one particular physiological system; and the 
blood is suitable for this purpose, both on account of its great 
importance and because it, or an analogous system, is plainly 
traceable throughout the animal kingdom. But, owing to the 
greatness of such a subject, we shall not be able to do more 
than follow up certain aspects of its manifold activities. Let us 
begin with the red blood-corpuscle. We are to inquire if any¬ 
thing can be made out, with the facts at our disposal, concern¬ 
ing the history of the function of the erythrocyte, and firstly 
its statically functional aspect, i.e. the histological and 
chemical differentiation of its structure. (The word “ erythro¬ 
cyte ’’ is here used to mean the red blood-corpuscle itself, and 
not its progenitor in the marrow or elsewhere.) It may be 
said that we are in possession of certain facts indicating erec¬ 
tions of this evolution, if nothing more. 

In the first place, the underlying assumption of the view 
here propounded, or rather, supported, is that in the erythro¬ 
cyte we have to deal with a case of symbiosis. It is not, of 
course, intended to imply that this is a case of symbioids at 
the present day, but simply that indications exist that the 
ancestors of what we know to-day as the red blood-corpuscle 
entered the multicellular organism, to live symbiotically with 
it, in the days before animal life came to live on land. Tte 
mechanism of symbiosis has been worked out in detaU 
Keeble on two small planarian worms, Convolute paradoxa 
Convolute roscoffensis. It seems that the driving power beluM 
the symbiosis which they show is the nitrogen-hunger occwrtisig 
in the sea. Small algal cells, possessing in one case Chiesro-' 
phyll, are driven, by the difficulty of procuring enough sitro^ 
genous material for their needs from the sea, to live 8ymbiotidl% 
within these planarians. They feed on the end-products . 
the nitrogenous metabolism of the larger party to the ,13^ 
tract, and, in return, supply it with carbohydrate prodiiM 
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by their photo-synthetic activity. Now the working hypo¬ 
thesis here put forward is that at some stage in the develop¬ 
ment of the vertebrate a S3rmbiotic union occurred between 
it and certain freely swimming unicellular organisms, destined 
eventually to give rise to the erythrocytes of the blood. 
Possibly the entering cells were of a kind not now in exist¬ 
ence, though perhaps there is no reason for thinking them 
to have been any other than ordinary amoeboid, probably 
ciliate protozoa. 

Excellent evidence exists for the thesis that all animal 
pigments were originally excreta. In all probability, pigments 
either are now, or were once, resistant to the metabolism, 
possessing properties of protection against the processes 
tending to break them up. Quite d priori, one might well 
suppose that all animal pigments were originally end-products 
of different lines of metabolism having no function and only 
acquiring one after a considerable time. But, as a matter 
of fact, such processes can be seen going on at the present 
day. The Melanins, for example, are almost certainly pro¬ 
duced as the end-products of one particular kind of metabolic 
treatment of Tyrosin and other aromatic amino-acids, and it 
has been shown that their deposition in the negro’s skin is 
really a manner of excretion. As another example, one might 
adduce the case of Turacin, a copper-containing pigment 
found in the coloured feathers of certain birds. A case which 
more obviously illustrates the excretory significance of pig¬ 
ment-production is that of the cabbage-white butterfly. It 
was found by Hopkins in 1894 that the white pigment in the 
scales of Pieris brassicce, and the yellow pigment under its 
wii^ were both derivatives of uric acid. 

The relevancy of this conception of pigments as once 
excreta is seen if we consider the unicellular organism driven 
by nitrogen-hunger, as it enters into symbiotic relationship 
with the invertebrate ancestor of the higher animals. One 
of the substances it would naturally ingest would be Haemo¬ 
globin or more probably some ancestral form of it present at 
the time, whereupon would be formed the prototype of the 
modem er3rthroc3^e. 

Other evidence supports this view. The majority of in¬ 
vertebrates have nothing corresponding to the vertebrate red 
blciod-corpuscle: what respiratory or other pigments are found 
in them are present freely dissolved in the vascular fluid. In 
some cases it is said that the respiratory needs of the animal 
hre satisfied by a colourless protein circulating in the plasma. 
Thfa lack of red blood-corpuscles should be correlated with 
the fact which we gain from embryology ; namely, that the 
heart of the vertebrate begins to beat some time before the 
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blood contains any formed elements. For a time it is iUed 
with plasma alone, but eventually the erythrocsrtes are formed 
j^m their precursors and true blood is produced. Furth<^, 
Maximoff has shown that the appearance of the lymphocytes 
mecedes that of the erythrocytes by a considerable interval. 
The Law of Recapitulation leads us to contrast this with the 
invertebrate condition. But a further fact must not be over¬ 
looked. The manufacture of the red blood-corpuscles by the 
er3rthroblasts and megalocytes of the bone-marrow, which 
goes on throughout life, produces a cell containing its proper 
share of Haemoglobin ; but also in possession of a nucleus. 
At varying periods after it is produced, the nucleus disappears; 

E resumably the cell extrudes or autolyses it. Perhaps we have 
ere another indication of what the ancestor of the erythrocyte 
looked like: it had a nucleus; so have modern red blood-cells, 
but only for the first part of their lives. Now Lillie found that 
the Indophenol test for oxidative activity was given much more 
strongly by nucleated than by non-nucleated er3rthrocytes. 
And this may be correlated with the fact that the auto-oxida¬ 
tion of blood containing nucleated corpuscles is much greater 
than in blood containing non-nucleated ones, so that in all 
probability the degeneration of the er3^hrocyte brings with 
It a diminution, if not a cessation, of individual metabolism. 
Now to return a moment to the Planarians. Symbiosis is 
seen in them to be a very efficient system, for the worm supplies 
the algal cells with the nitrogen which they could not obtain 
in the sea, and they in turn provide their host with carbo¬ 
hydrate nutriment. But it is important to notice here that, 
after a time the exchange usually becomes insufficiently rapid, 
and the worm has either to fend for itself as it did before the 
algal cells came upon the scene, or to feed on the algal cells 
themselves. It chooses the latter course and thereby commits 
suicide. One wonders if any parallel could be drawn between 
the degeneration and absorption of the algal cell in the planarian 
worm and the degeneration and loss of nucleus on the part 
of the red blood-corpuscles. 

Another fact bears on this point. Oliver showed in 1914 
that, given the correct conditions, namely, prolonged survived 
in *85 per cent. NaCl solution, erythroc3ftes will show amoeboid 
movement, and will put forth ciliate and flagellate processes 
by means of which they will become actively motile. This 
has not apparently been confirmed, however, 

Since we are considering the evolution of the chenaical as 
well as the histological structure of blood, it is import^t to 
deal next with the origin of Hsemoglobin and other related 
mgments. This is a subject about which our pr«ient kaoes* 
ledge is appallingly fragmentary, and it is only within vwy 



EVOLUTION OF THE FUNCTIONS OF BLOOD loi 

neOEOit years that we have come to know ahything about 
Hastm^lobin itself. Perhaps the reason for this is that tlw 
early workers in this domain were either zoologists or physi¬ 
ologists of the older school, possessing only a very slight 
acqi^ntance with chemistry in general and biochemistry in 
particular. Perhaps, also, it is true to say that researches 
on this subject were held up for lack of efficient methods and 
technique. Whatever the reasons, the fact remains that this 
branch of study is in a bad way at present. On the above 
hypothesis, the inclusion of respiratory pigment in the sym¬ 
biotic ancestors of the erythrocyte occurred much later, in 
all probability, than its first appearance. In what localities, 
then, is Hsemoglobin and its relations found among the lower 
animals ? 

A red pigment, Helicorubin, has been found in the bile of 
that museum of curiosities, the snail Helix pcmatia ; it is a 
relation of Haemoglobin though with a simpler molecule. 
Haematoporphyrin is found in the skin of certain worms and 
in that of the slugs, Limax varicgatus, and Arion ater ; it also 
occurs in the salivary glands of certain members of the snail 
group. In addition it has a very wide distribution among 
the marine invertebrates, and in most cases it almost 
certainly has no respiratory function. Other pigments of 
probably near related chemical constitution are the Chloro- 
cruotins, Echinochromes, and Histohsematins, as well as 
Hamocyanin, Myohamatin, Neurohamatin, and Hamerythrin. 
It would not be difficult to extend this list, but what is most 
remarkable about these pigments is their extraordinarily 
sporadic distribution among forms, and their apparently hap¬ 
hazard distribution in the organisms themselves. As regards 
the former aspect, there seems to be no law governing their 
appearance ; any one of them may be found in a few of the 
members of one genus and then only Very far away again in 
the members of some totally unrelated genus. Ail the species 
of one genus may have different pigments. As an example 
of this one might take the Echinodermata, among which the 
following pigments are all to be found : Echinochrome, 
Haematoporphyrin, Hsemochromogen, and Haemoglobin itself. 
With regard to the second peculiarity of distribution, the 
ffifferences are very strange indeed. Pigments may occur free 
in the vascular fluid, or in the muscular tissue, nervous tissue, 
anywhere and evo^where, in fact. The skin, it is to be noted, 
is a favourite place. A significant observation is that in the 
Diptera, Hymenoptera, and Lepidoptera, those insects which 
lire known to be most active in the use of their muscles, con¬ 
tain the greatest quantity of Myohaematin. Von FUrth 
iillt^es another example of this, the actively boring Sohm, 
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and is inclined to agree Math Ray Lankester's view that tlm 
in*esence of Haemoglobin and its relations in such cases is due 
to the need for efhdent oxidation under such conditions as poor 
circulatory systems in stagnant ponds. The other hypothesis 
is that the pigment appears as a side-phenomenon of some par¬ 
ticular line of metabolism (perhaps that of Proline) and in 
greatest quantity wherever that is most active. The oxida- , 
tion-necessity theory is not very satisfactory, because of the 
many examples of pigment containing forms which neither 
are very active nor live at the bottom of stagnant ponds. 
And it is also rather difficult to put much weight on the heater 
quantity of pigment occurring in active animals, because of 
we case of some which contain a great amount of Neuro- 
haematin in their nervous system ; we should have to conclude 
that these animals were given to hard thinking 1 On the 
whole, the theory which best fits the facts is that these pig¬ 
ments are end-products of the metabolism, which at firet 
are functionless, and resistant to it. The organism may leave 
them where they are formed, or it may excrete them into its 
skin. 

The distribution of Haemoglobin itself is important, as it 
seems to be the final form of this class of pigments. Among 
invertebrates, its distribution is wide, and like its relations, is 
to be found in every kind of tissue. In the saccular fluid of 
the annelids, Lumenctts eunice and Hirudo, it is found freely 
dissolved ; as in the perivascular fluid of many molluscs and 
lower ^ustacea. It is found free in the blood-plasma of 
Daphnia, Cheirocephalus diaphanetts, Planorbis cometts, and. 
the larvae of Cheironontus plumosus and Musca domesHca, 
Wherever it occurs in invertebrate blood, it is found free in the 
plasma, with only four exceptions, Solen, Glycera, CapiteUa, 
and Phoronis, In their bloods, it occurs in nucleated cor¬ 
puscles. In other invertebrate bloods, where it is free, colour¬ 
less nucleated cells are also found, resembling erythrocytes 
in their non-amoeboid nature. This condition is also met 
with in LeptocephcUus, which. With Amphioxus, forms the only 
known exception to the rule that in vertebrates the respira¬ 
tory pigment is always contained in cells and never free in the 
vascular fluid. 

The position can now be summed up as follows. It is 
probable that the ancestral forms of Haemoglobin were end- 
products of the metabolism, subserving at first no respiratory 
function, though they may have done so subsequently, before 
the symbiotic invasion. This is not to say that they .were of 
no other utility. The subject of protective mimicry, and 
similar artifices is too large a subject to do more than mention 
here; perhaps it may account tor the preserved production 
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of theflft pigments. Th«i before the vascular system of the 
invatebrate closed up and lost connection with the external 
medium of the sea, unicellular o^anisms of some kind were 
drawn into symbiotic union with it by reason of the nitrogen- 
hunger in the sea. Amongst the nitrogenous end-products 
which they ingested, the pigments were mcluded, whereupon 
there was produced the ancestor of the modem er3rthrocyte, 
and the potentiality of a gas-transporting mechanism of mar¬ 
vellous efficiency. A point which indicates the possibility ol 
this ought to be mentioned here. Macallum has shown that 
the salt-content of the plasma of present-day vertebrates isj 
with certain reservations, identical with that of the sea-water 
of pre-Cambrian times. At the end of the Cambrian period^ 
when vertebrates with a closed circulatory system took to 
the land, they took with them blood-plasma of the same 
composition, as regards salt-content, as the sea-water they 
had left. 

The possibility that pigments were once resistant to the 
metabolism involves a few further considerations. The habit 
of excreting pigments into the skin forms a notable tendency 
throughout the whole subject. But the space available for 
such disposal of excreta would naturally not be unlimited, 
and at some time or another the organism may have been 
faced with the problem of how to get rid of its surplus pigment. 
In such circumstances, metabolic machinery may have been 
evolved for dealing with coloured substances which previously 
had been immune from further catabolism. Certainly, in the 
higher animals studied by the physiologist there is a small 
though continuous catabolism of respiratory pigment, and 
perhaps the reason for its smallness is that the pigment is 
almost as much out of the way of the metabolism in the 
blood as if it were in the skin., A point which ought to receive 
more emphasis than it does is that, to all intents and purposes, 
the blood is outside the body. The organism takes the most 
minute precautions to prevent it coming into contact with 
the tissues ; even the smallest arterioles and capillaries have 
walls which the er3fthrocyte3 may not pass through. The 
only places where the circulatory system really does blend 
with the tissues are the spleen, the hsemolymph glands, and 
the bone-marrow. And these, be it remarked, are the very 
places where manufacture and destruction of the red blood- 
corouscle—and therefore synthesis and catabolism of Haemo¬ 
globin—are actively going on. It looks as if Haemoglobin was 
wdS protected from metabolic danglers when in the blood, and 
free to carry out its respiratory duties ; but as soon as it came 
into contact with the tissues it also came into contact with 
the metabolism and was broken down. Possibly the steady 
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cirtabolism of Haemoglobin is a relic of the time when it had 
no respiratory sigmficance, and was a burden to the organism. 
Possibly, also, this isolation of the blood from the tissues is 
a relic of the time when the circulatory system, or its proto- 
tyipe, was open to the exterior. And there is always the pos¬ 
sibility that the invading cells brought pigment with them, 
though this is very unlikely, in view of the fact that pigments 
of this sort are not found as low down as the protozoa in the 
scale of life. In the case of the planarian the algal cells bring 
their chlorophyll with them. 

So far we have been considering only the evolution of the 
statical aspect of the hamato-respiratory function. It will be 
interesting to apply the evolutionary outlook to its function 
considered dynamically. 

Considerations of the physical nature of protoplasm, such 
as its surface energy and internal friction, show that the size 
of a unicellular organism is strictly limited, and therefore, if 
any advance is to be made on the protozoal condition, the 
cells must cease to compete and begin to co-operate. This 
implies the rise of colonies of cells, surrendering the advantages 
of independence to the greater advantages of cohesion, and 
can be seen at the present day in such organisms as Carchesium 
polypinutn, Eudorina elegans, or Magosphcera planula. This 
metazoal stage is a true cell-republic ; each of the individuals 
is capable of leaving the assembly and leading an independent - 
life. The more that differentiation and specialisation proceed, 
the less is this possible. Now, when the organism has reached 
a certain size, the cells in the interior of its body will be sub- . 
jected to an entirely different environment from those on the 
surface. Two ways of overcoming this difficulty are seen in 
Spirogyra and the Confervce respectively : the former arranges 
its cells in long threads, the latter in flat masses. These 
methods, however, were not of universal application, so it 
came about that the cells in the interior became functionally 
modified from those on the surface, thus, perhaps, laying the 
foundations of specialisation. But, as the organism grew in 
size, some mechanism became essential whereby the cells in 
the interior could get the oxygen and foodstuffs necessary for 
maintenance of life. Processes of diffusion through the outer 
cells which had sufficed for smaller organisms w«« found to 
be of no use whatever for larger cell-communities. And simul¬ 
taneously with these demands there grew up the need fc«r some 
co-ordinative mechanisni, by which the celb at one part of 
the body could communicate with and influence cells at other 
parts of the body. The more differentiation and specialisation 
proceeded, the more urgently necessary became a co-ordinating 
mechanism, and, later, a centralisation of administration. In 
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Budomta, for example, very little cofnmunication between 
the cells was needed, and what was necessary was probably 
cmtied out by diffusion of chemical substances from cell 
to 

Simultaneously with these needs, there had been growing 
up, in connection with other requirements, a body-cavity, 
such as the Coelomata present to-day, in more advanced 
forms. This coelum gradually came to be enclosed from the 
exterior, and out of it there grew a tubular system containing 
coelomic fluid, the precursor of the plasma. Later, contractile 
chambers in the tubes gave rise to a circulation. If the ery- 
throc5^e infection took place, it took place before the closure 
of this system. 

The arrangement of a blood-system at once supplied the 
solution to all the problems with which the organism was faced. 
By reason of the pigments, into the history of which we have 
already gone, and the precursors of the red blood-corpuscles, 
it was provided with a mechanism for gas-transport of maximum 
^ciency, ready to be brought into operation as soon as the 
increasing size and complexity of the organism should demand 
it. Then, from the nutrient point of view, it placed the buried 
cells in full possession of their food-supply. But, as well as 
all this, the formation of the blood also supplied an adminis¬ 
trative system which brought all the parts of the body into 
co-ordination ; the nervous system was a later development; 
not until later were special paths of protoplasm differentiated 
along which physical changes could be transmitted to pro¬ 
duce peripheral effects. Those chemical mechanisms of co¬ 
ordination, which the highest organisms have not wholly 
abandoned, were then the only means at the disposal of the 
animal. 

It- has been suggested that in the sympathomimetic 
action of Adrenalin we see the sympathetic nervous sjrstem 
(itself perhaps older than the central nervous system) taking 
over the functions once entirely performed by Adrenalin. 
Another point in connection with the evolution of the hor- 
monic function of blood is possibly not irrelevant here. The 
majority of the endocrine glands seem to have a close con¬ 
nection with the gut. The Pituitary is partially developed 
fpom the buccal ectoderm, the Parathyroids, Th3rroid, and 
Thymus are derived from the gill-clefts, and the Suprarenal 
glands have at least an indirect connection with the gut. 
All are known to have originally possessed ducts, some of 
the vestiges of which remain; these op^ed into the in¬ 
testine, as the liver and pancreas do now—two glands which 
iare also glands internal secretion. In view of the close 
tpmiection between coelom and circulatory system, these 
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facts are of some interest, though their meaning b anytluQg 
but clear. 

Further research on invertebrate blood might furnish us 
with indications as to whether the hormonic preceded the 
respiratory function of blood in evolutionary time, or vice 
versa. 

If it be granted that the S3rmbiotic origin of the erythrocyte 
is a possibility a very great difficulty is the perpetuation of 
the red blood-cells in succeeding generations of hosts. In so 
typical a case of symbiosis as that of the planarian wotms, 
reinfection by the algae is a necessity for each generatum. 
How could the erythroc5te t3^e of cell have been perpetuated 
from an infected organism to its descendants ? As far as one 
can see, the only answer to this very just criticism is that, as 
long as the organism inhabited the sea, with an open circu¬ 
latory S3rstem, reinfection probably took place. But when that 
became impossible, owing to the conditions of life on land, the 
long-accustomed presence of the red blood-cells must have 
influenced the germ-plasm which was to produce the immediate 
offspring in such a way that in its development cells were 
set apart for the work—a process made ml the more im¬ 
perative by the respiratory needs of land life. At any rate, 
the symbiotic hypothesis does explain how the Hsemoglobin 
got inside the erjrthrocyte. 

Another criticism, of a different kind, but no less just, is 
that the whole treatment of the problem is too speculative to 
be of any value. Its speculative nature is freely acknowledged, 
and it is rather to be considered as an attempt to illustrate the. 
kind of line along which a section of modern biochemical 
thought might profitably go. Physiology and the evolu¬ 
tionary outlook have much to ^ain from one another. The 
study of function must not be limited to the examination of 
its expression in man, or that " animal kingdom of the physi¬ 
ologist," t^ cat, the frog, the dog, and the rabbit. Its ulti¬ 
mate physicochemical analysis must, of course, be carried on 
in whatever tissue or organism best suits the methods employed ; 
but the problem of Life is wider than that, for it has a past as 
well as a present. A question of terminology brings this oirt 
in an oddly appropriate way. Morphology is, in its widest 
sense, " the science of the structure of living things, and all 
that that implies " ; but as usually used it means, " the study 
of structure in relation to its development and expression in 
any given organism." Anatomy (leaving apart etymolomcal 
considerations) merely means " the description of facts gamed 
though dissection." Similarly, physiology is " the descrip¬ 
tion of facts gained through experiment and observation/* 
With " the study of function in relation to its development 
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and esipression in any given organism,-’ there is nothing at 
present to correspond. 
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THE FUTURE MOULDED BY SCIENCE: 

A VISION 

Tkanslateo from tub Frbncr of MARCEL SEMBAT, with am Introductory 
Noth by Sir J. G. FRAZER, F.R.S., D.C.L., LL.D. 

[Introductory Note .—The author of this paper, Marcel 
Senibat, was an eminent French politician of the Socialist 
party and represented one of the Montmartre divisions of 
Paris in the Chamber of Deputies. A man of wide culture, 
both literary and artistic, he was passionately and disinterestedly 
devoted to the highest aims, to the advancement of knowledge 
and to the progress of humanity. Widely read in English as 
well as French literature, he was deeply interested in philo¬ 
sophical questions and animated by a firm faith in science 
which he conceived to be destined to exercise the most com¬ 
manding and beneficent influence on the future of our species. 
To this faith the fragment, of which an English translation is 
here offered to readers of Science Progress, bears eloquent 
testimony. It was found among his papers after his sudden 
and tragic death at Chamonix in September 1922, and it was 
read at an impressive commemoration ceremony, which took 
place on Montmartre in December 1922 and was attended 
by an immense assembly of his friends, constituents, and 
representatives of the Socialist party. The ceremony was a 
double commemoration ; for his devoted wife, herself an artist 
of high distinction, had refused to survive him and had shot 
herself on the day of his death, after making all her dispositions 
with the most perfect calm and self-possession. They had 
been a most loving and happy couple in life, and in death they 
were not divided. They were buried, amid public demon¬ 
strations of sorrow, side by side in the same grave at 
Bonniferes on the Seine, where he had been bom, and where 
he always kept his old family home, to which they regularly 
retired every week for rest and refreshment from the bustle 
and fatigue of their busy life in Paris. There they found 
their principal recreation in long country walks, which they 
took together in the beautiful scenery of hill and river, 
endeared to them by its own intrinsic charm and by happy 



FUTURE MOULDED BY SCIENCE: A VISION 109 

memories of youth; for she also, though not born there, had 
been brought up at Bonni^res, and it was there that they had 
first known each other. Their deep love of nature led them in 
later life to buy a small house at Chamonix, where they spent 
many happy months, making ascensions of the mountains 
together; for they were seldom separate except when he was 
at his duties in the Chamber. I was privileged to know them 
both intimately and to enjoy their hospitality once at Bonniftres 
and often at their home on Montmartre, where Madame 
Sembat had a studio, and where on summer days they loved 
to sit with friends under the shade of trees in their small but 
secluded garden. He was a delightful talker, his conversa¬ 
tion ranging easily over a variety of literary and other topics, 
and constantly lit up by a play of humour, always gentle and 
kindly, never harsh or sardonic. During the four years or so 
that I knew him he never once obtruded his own socialistic 
views on me ; indeed, I do not know what precisely they 
were, for we never discussed them. We had ample subjects of 
interest in common without broaching these controversial 
questions. Nor did his socialism interfere for a moment with 
his patriotism as a loyal and devoted Frenchman. He rallied 
to the side of the Government throughout the war and served 
for a short time in it as a Cabinet Minister ; and when, after 
the peace, the extreme section of the Socialist party accepted 
the Bolshevist programme, he publicly broke with them. 
He has left behind him a considerable body of manuscripts, 
out of which his nephew, M. Andr^ Varagnac, expects to publish 
enough to form several volumes. These, it is hoped, will 
serve to refresh and prolong his memory among those whose 
privilege it was to know him, and will convey some idea of what 
IM} was to those who never met him. The fragment here 
presented to the reader is eminently characteristic of the man 
—of his fervent idealism, of his imagination tinged with poetic 
ardour, of his unshaken faith in the high destiny of humanity, 
of his ardent admiration and love of whatever i$ good, and 
beautiful, and true.] 

Science must needs go on. We men were born but the day 
before yesterday. Yes, and the day before yesterday is still 
too soon. In the seventeenth century? you ask. But you 
know well enough that I speak not now of Louis XIV nor of 
Radne. The masterpieces of literature, Versailles, and all 
that, are matters of indifference to us. The important thing 
Is the beginning of the scientific movement. That was what 
Ivought us to the birth. Mechanics, physics, chemistry, 
elecl^ity, and the instruments, the microscope, the telescope 
•f-^you would have us remember Kepler and Copernicus ? 1 
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am content. In that case our birth must be dal^ a little 
earlier. ^ it so I The important thing, you see, i» the con¬ 
trast. Versailles, and the tragedies of Racine, and the oratory 
of Bossuet, why do we put them aside ? Because all that 
existed before ; it existed in the age of Pericles. And besides 
it is finished, it is dead. Therefore it is mortal. 

Whereas science is a glimmer of eternity, a glimmer of the 
dawn. That is a thing unheard of. It had never existed 
before. And now it appears before our eyes ; it promises to 
last for humanity. A chance is offered ud—ah, still uncertain, 
hazardous, but yet a chance I in all this ephemeral world a 
glimmer of the eternal I 

You understand ? Choose, for example, the great philo¬ 
sophic outburst of Kant, Fichte, Schelling, Hegel, Schopenhauer. 
What brains 1 With them the world remade all its ideas. 
Immense, was it not ? But was the intellectual impulse less 
in the India of the Vedantas ? and in the Alexandria of Proclus 
and the Gnostics ? And Greece rears for us a whole chain of 
mountains, dominated by two peaks, Plato and Aristotle, 
summits that have never been surpassed. 

Yet Greece has perished and is ^one. Hindoo philo¬ 
sophy has ceased also. To-morrow, if there were none to 
save us but Kant and Hegel, we too would disappear in 
our turn. 

But we shall not disappear. 

All has existed—splendours of literature and splendours of 
philosophy—painters whom we no longer attempt to equal, 
Tintoretto, Rembrandt, the epics of Homer, and the trinity of 
iEschylus, Sophocles, and Euripides, ■ All has existed, and all 
has disappeared, and all has begun again. 

On the contrary —a violent contrast)—^the scientific move¬ 
ment, prepared from the time of Chaldea, of Egypt, of Greece, 
began in the seventeenth century. It is no longer a question 
of such and such a science, as geometry or astronomy. It is 
a question of a sheaf, of a confluence of sciences, which all 
support each other and push each other on. 

Renan spoke of a nrmament of blue crystal, of a great 
vault stretching to infinity. In this vault—^the canopy of the 
universe—^there is but one aperture, a solitary little aperture 
no larger than the palm of the hand, and a butterfly nutters 
and beats its wings against the crystal of the infinite vault. 
You think it will never find the aperture ? Wait 1 The 
butterfly is eternal. 

Humanity is not sure of being eternal. It believes itself 
sure of the opposite. Has it twenty thousand years behind it 7 
and how many in front of it? The glaciere will return. 
Herbert Spencer spoke of a thick cap of ice that will yet covwr 
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London and England. The sun will one day be extinct. We 
are not the eternal butterfly. 

Well, we have nevertheless found the narrow passage. We 
shall pass to the other side of the vault. We are passing now. 

Saence does for men what neither philosophy nor literature 
could do.; It gives us power. In proportion as it grows, our 
power increases. If its growth has no limits, our power has 
no limits^ 

I know, of course, there is the possible catastrophe. 

But there will be no catastrophe. I wager there will not. 
I made Pascal’s wager in the bottom of my heart; but nay I 
it WM made of itself in me since eternity. There will be no 
catastrophe. 

You will not accept the wager ? You argue ? Be it so, 
then let us suppose that the catastrophe will not take place, 
and tJmt men have before them—oh, not so very much. So 
little time is needed nowadays. Three centuries have sufficed 
to bring us to the point where we stand. Three centuries will 
suffice to free us from the earth. 

Three centuries have sufficed ? Nay, a single century 
sufficed. It was in the nineteenth century that the^ labomed, 
and now, the express once started, we are travelling at ever 
increasing speed. Whither ? Listen. In three centuries we 
shall be able to quit, if need be, the planet. We shall have 
ccj^mies elsewhere. We shall have learned to traverse the 
interplanetary spaces and to scour the universe. 

Tnen what matters the earth and all that happens to it ? 
Hie race of men, the race of conscious beings, who speak and 
kaow, will be free to choose^ instead of it, the point of the 
universe whereon to lay (provisionally, for a hundred thousand 
years) the courses of the work that is carried on. 

One thing alone interests me : it is that which endures, 
whicfa is eternal. For myself, 1 shall die in ten years, in ten 
days. Yet I am not like one of those good folk who are 
plun^d in grief when they are told that the sun will be burnt 
out m a hundred thousand years. Oh, indeed ? the sun will 
be burnt out ? But that will be terrible I then there will ^ 
darkness on the earth 1 

But you will be dead and buried long before that. So much 
the worse. What matter ? They suffer at the thought of it 
twday. 

For myself I am happy from to-day at the thought of the 
conquest of eternity by man, at the thought of the conquest 
of eternity by man to-morrow, after my death. Nothing 
interests me ^ich does not endure. I am in love with tlte 
forever. 

Why? In each of us there is an individual self and a 
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group self. There is the social element in me beside the 
personal. There is a communion which, on the social side, 
unks me to all that men have done since there have l^n human 
tribes and languages, and which links me to all that men 
will do. 

Since my twentieth year that is the dream which has lit 
my path—a future moulded by science—a humanity trium¬ 
phant, that extends its dominion and its mastery without limit 
and without end. 

What will men do ? Humanity has its programme marked 
out. By what ? By the myths, by the religions 1 All that 
our tribes have thus projected above themselves and deified, 
is the depth of our own souls, the quintessence of our desires. 

The last of these myths, the living residue of these religions, 
is the projection by humanity of a deity into the sky, a deity 
eternal, who has created everything, who knows everything, 
who call do everything. 

That is the programme. Naturally it is modified in the 
application. It is always necessary, says Maurice Barr^, to 
abate something of our dreams. 

Who knows ? There are moments when I feel that our 
wildest dreams will be surpassed. What ? After all, these 
dreams are only the dreams of savages. Has not the reality 
of to-day—^the railway, the aeroplane—^already surpassed tte 
imagination of primitive man ? In three centuries om dreams 
will be petty and childish beside the realities. 

But let it be. We shall not be gods all at once ; yet one 
thing is certain, that the greater our knowledge; the greater 
will be our power. Practically we are acquiring omnipotence. 
God is coming into being. We are in process of creating Him. 

Our existing horizons are cracking. 
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POLITICS AND SANITATION 

Bv Colonel W. G. King, C.I.E., I.M.S, (ret.), M.B., D.P.H. 

Mens Sana in corpore sano may be trite, but Is a truism which 
the modern psychologist and the politician alike admit; politics 
caimot disregard political economy, nor political economy 
sanitation in its broadest sense—as applicable to man and 
beast. The success of politics depends on the making and 
enforcement of appropriate laws, whether these be applicable 
to observance of the Eighth Commandment by individuals, or 
the protection of continents from avaricious nations. If 
sanitation be an integral part of politics, equally must laws be 
evolved for restraint of the selfish instincts of individuals 
which endanger the health of their neighbours, and their 
corollafj^—multiples of communities and nations. 

When individuals of Western nations find themselves 
irritatod by legal restraint in the interests of sanitation, the 
public opinion of the average community recognises that the 
minority may reasonably be required to suffer inconvenience 
in the interests of the majority. 

In India, however, where various races possess hetero¬ 
geneous doctrines ruling relations with their fellow-beings, 
which must be provided for by harmonious blending in the 
warp^ and woof of administration, there is demanded of the 
politidan not only recognition in practice of the broad truths 
of these aphorisms, but the faculty of judging where and when 
each suggested departure from limits inculcated by caste or 
creed is likely to be tolerated. Study of the tenets involved 
engenders useful discrimination ; but, even when thus fore¬ 
armed, opposition to reform^—^the result of ignorant 
int«;|n'etation of suggested sanitary methods and of the 
doctrhies relied upon in support of their rejection by the more 
oomeirvative members of an Indian community—^may be 
enecmhtered. Enforcement of the most well-meant measure 
of pldlanthropy, which cannot be defended as in harmony with 
thMe doctrines, risks either the flight of a panic-stricken 
population or its resort to mob-law. 

8 “3 
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Trained primarily as administrators of Districts of huge 
areas in immediate contact with Indian populations, selected 
members of the Indian Civil Service ultimately fulfil the rdle 
of politicians in the Indian Empire, under the Imperial and 
Local ^vernments. A proportion of the officers of the 
Indian Medical Service, detached from military duty for 
the purpose, has from the early days of the Honourable East 
Company provided them with sanitary advisers. 

The ruling of the India Office by party government, and 
through it of the Government of India, has not favoured a 
continuity of policy. It has, however, never been possible 
to neutralise absolutely the demands of sanitation ; “ globe 
trotters,” meddlers in statistics, and Press notices would at 
intervals furnish disagreeable tales of mortality, which could 
not be ignored when fostered by a Member of Parliament at a 
loss for “ Questions.” To meet such spasmodic symptoms 
of interest, it has sufficed for the Government of India to 
report that great schemes for improved sanitation were " under 
consideration 7—a stage of progress non-committal and, as 
history shows, indisputable—and with hopes expressed of a 
bright future, an extension of the period of official equanimity 
has been obtainable. 

At the present moment, there is reason to believe that 
the sanitary function of the Indian Medical Service as applied 
to the civil population may cease ; hence, at the parting of 
the ways, it seems desirable to note what progress has been 
made up to date by this Coalition—^representing Politics and 
Sanitary Science. To do this in detail would demand the 
writing of volumes, but a sufficient -knowledge of conditions 
may be gained by a review of the more important results. If, 
therefore, it be found necessary to judge whether the Indian 
Medical Service might have influenced progress more, or the 
Indian Civil Service have exhibited a firmer belief in life-eaving 
measures, there should be held in mind not only the inhibitiiig 
factors just referred to, but their repercussion on the psychology 
of both advisers and advised. Much progress has undoubtedly 
been made in spite of many difficulties, but, as a result of these, 
it has been of a halting nature. 

In 1859 the heavy mortality of the troops in India awakened 
attention in Great Britain. A Royal Commission wh* 
accordingly ” appointed to inquire into the sanitary state of 
the Army in India,” which issued a Report in 1863. Informarioja 
gathered by the Commission showed that the mortality of the. 
European Army was 69, and that of the Indian Army, probh^, 
not less than 20 in i ,000 ; that officers with British and ladtae 
troops died at the rate of 38 per mille per annum ; that 
expectation of life at 20 years for male £uroi>eBns residwt in 
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India was shortened by 21 >8 years, as compared with the rate 
established Life Tables * for lives in England ; that the 
annual deatlj^rate for European women “ in married quarters ” 
varied from 44 to 276 per mille ; that, taking Calcutta as 
affording a representative Indian population, statistics compiled 
by Dr. Strong for a period of 11 years disclosed an annual 
death-rate fluctuating between 37 and 8i per mille ; that 23 
per cent, of deaths in Calcutta were due to small-pox ; and 
that in civil jails the annual death-rate varied from 84 to 
120 per mille. 

under orders by the Secretary of State for India, the first 
stage of the reforms advised was put into effect in 1864, by 
the appointment of Sanitary Commissions for Madras, Bengal, 
and Bombay. The Commissions of Madras and Bengal • 
at once advised the establishment of Public Health Services 
throughout Municipal and District Board areas. The first 
act of these Commissions was, therefore, to expound the fact 
that, in dealing with a free population, necessary information 
as to the presence of disease can only be ascertained and be 
correctly utilised by permanently embodied and technically 
trained staffs (constituting a Public Health Service) in direct 
contact with the people ; that to attempt to combat disease 
by staffs hastily assembled when epidemics arise may impress 
tne “ gallery ” but is futile, and that to expect the death 
penalty of disease to be thwarted in the 1,152,000 square miles 
of India by making Municipalities the sole points of defence 
equally would be so. 

In both Presidencies, the recommendation for the formation 
of a Public Health Service was pigeon-holed, with the intimation 
in one case that funds must l^ looked for from provincial 
sources. Nevertheless, the Madras Commission did excellent 
work in drawing up plans for new barracks and jails and for 
remedying the water-supply, drainage, and structural defects 
of those existing. The sanitary care of festivals also was 
undertaken. Within the short period of four years, the saving 
of life e 0 eeted by these various measures was readily demonstrable. 
»nitary Commissions possessed of this amount of vitality, 

* Aoccoding to Dr. Fair, 

• Tin tot annual Report of the Bengal Sanitary Commission (1864-5) 
coaittoed tfae following statement: " We have recommended the estab- 
ttniment in all Districts of Local Boards for carrying on the Municipal and 
Sstnitaxy Service, the appointment of Health Officers and the adoption of other 
iHaaaiwna lor a proper supervision throughout the country [italics not in the 

of the sanitary condition of the people. The proposals -we have 
euiiae are now under the consideration of Government." The proposals by 
iiadiwl Sanitary Commission embodied in the so-called Mis scheme— 
into to name of the President—also dealt with both Municipal and 
litoict Bbhrd areas. 
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however, could not be tolerated by politics ; not only did 
they represent an " unproductive ” Department, but threatened 
increased expenditure both from Local and In^rial fun^. 
Moreover, they added to the work and responsibility of District 
officials, and foreshadowed trouble on caste and cr^d problems. 
A policy of devolution was thereupon inauguratea by the 
Government of India, which became traditional with successive 
Governments. Faced with caste and creed problems, they 
early sought “ the line of least resistance," embodied in the 
belief that the desire for sanitary advance would follow 
the acceptance of education. The Education Department 
responded by providing University graduates—latterly at the 
rate of about 2,000 per annum. Neither primary education 
nor the education of women received the proportionate atten¬ 
tion necessary; and the mother-in-law still defends social 
customs leading to penury, whilst caste and widowhood 
disabilities, which condemn thousands to degradation of mind 
and body, still exist.’ In the presence of undeveloped resources 
of the country, and the consequent lack in industry and 
commerce of suitable employment for skilled intellects, this 
education obsession of the Government of India has reacted 
upon local politics on lines which are self-evident in to-day’s 
position in India. 

In 1866, in accordance with a recommendation made by the 
Government of India to the Secretary of State for India (for 
which sanction was not awaited^, in each of the G^mmissions 
four members were dispensed with, and only one member—« 
medical officer—^was retained as Secretary. By 1869 Presidents 
of the Commissions (who drew the desirable pay equivalent to 
that of Judges of Indian Civil Service origin) were substitute 
by a medical officer—^thereafter styled the Sanitary Commis* 
sioner—raided by a second as Secretary. In the same year, 
on the death of the Secretary attached to the Sanitary Com¬ 
missioner of the Madras Presidency, the appointment was 
abolished ; and, subsequently, the same tenuity of the personnel 
of the carefully constituted Commissions of 1864 was secured in 
the other Presidencies. 

In 1869, transfer of the appointment of Sanitary Com¬ 
missioner from the Military to the Civil Branch of Government 
effected. Up to 1886 the Sanitary Comiriissioner fetid 
the rank of Deputy-Surgeon-General (corresponding to the 
present rank of Colonel) when—covered by an " axe oem- 
ndttee^the Indian Medical &rvice was deprived of one of its 
administrative appointments, and the status of the Sanitary 
Commissioner was lowered ; it was asserted that an offieOr 

‘ Under the caste system over thirty miUions of Indians an clawed as - 
"untouchables." 
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of the rank of Major or lieutenant-Colonel would suffice 
for the duty expected. 

Subsequent events demonstrated that, whilst the position 
as heads of Departments directly under Gk>vernments—albeit 
solel]^ advisory in function—^when held by Sanitary Com¬ 
missioners of administrative rank, could be tolerated, so 
unorthodox a condition as connoted by the holding of 
independent appointments within the areas of their commands 
by officers many years their juniors, was more than the 
autocratic tendencies of Surgeon-Generals possessed of a 
leaven of militarism could bear with r^ignation. 

By 1895-6 a Surgeon-General with the Government of 
India o^ially advocated that officers of the rank of Captain, 
who should serve under the Surgeon-Generals of the areas con¬ 
cerned, would suffice for the duties of Sanitary Commissioners. 
His proposal was rejected by the Madras and Bombay Govern¬ 
ments, but was accepted by that of Bengal, where it was 
carried into effect in 1898. The efficiency of the system involved 
of allowing the opinion of officers dealing with curative medicine 
to dominate those who had made sanitation their speciality 
was shortly put to a severe test. The Surgeon-General with 
the Government of India who had made the proposal dealt 
with plague on its introduction to the city of Bombay, and, 
if records of the period are to be trusted, had but a dim 
remembrance that a Sanitary Commissioner for the Government 
of Bombay existed. How far India is to be congratulated on 
his acting on the assumption that sanitarians are born, not 
made, is a matter of opinion ; the facts evidently did not 
appeal to the Indian Plague Commission of 1898-9, which 
explicitly advised a return to independence of Sanitary Com¬ 
missioners. Nor did it appeal, as a result of later experience, 
to the Government of Bengal (Sir Andrew Fraser being their 
Governor) nor to the Government of India, both of which, in 
1904, agreed that their Sanitary Commissioners should be 
directly subordinate to them, and "not to the Medical 
Department." 

In 1911, on the death of the officer holding the appoint¬ 
ment of Unitary Commissioner with the (^vemment of 
India,* the then Surgeon-General with that Government 
(W this time styled the Director-General of the Indian Medical 
^rvtoe) pursued the policy of his predecessor of 1896, and after 
failing in the effort to secure a complete abolition of the 

I TidB is again in contemplation, in accord with the advice of the Inchcape 
Comniseion. If this be accepted, the Central Government of what is ri^tiy 
an Empire will revert to conditions found in Qreat Britain in 1830— 
Ike Lords of the Cotmcil dealt with sanitation without the advice of a Sanitary 
i^peeialist. ^ epidemic of cholera awoke the nation to the fact that inter- 
politics should embrace Public Health problems. 
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appointment, succeeded in rendering the future Sanitary 
Commissioner subordinate to him, and in wresti^ from him 
the ri^ht of protection of research in the interests ^Preventive 
Medicine. As was possibly anticipated, after this event any 
semblance of independent action by Sanitary Commissioners 
with Local Governments, who are now known as Directors 
of Public Health (a terribly ironic title unless it were 
possible, as is not yet the case, to add the word " Service "), 
has become nominal. Under the arrangements made, far 
from the Sanitary Department being considered as of sufficient 
importance in administration of the country to merit the 
creation of a Ministry of Public Health, as urged by tibe Indian 
Medical Confess of 1894, sanitation was now placed under 
the care of its financial rival—the Educational Department. 

Schemes for a Public Health Service were forwarded by 
Major Malleson, S.C., direct to the Government of India (1867); 
by Surgeon-Major Ranking (1868), and by Surgeon-Major 
H. King (1875-6) to the Government of Madras. In 1868 
the matter was the subject of inquiry in a dispatch by the 
Secretary of State to the Government of India as follows : 
" I have expressed my approval of the appointment of special 
Medical Sanitary Inspectors for each Government immediately 
subordinate to your Excellency in Council; but I desire now 
to be informed of the organisation by which it is proposed, 
under the Medical Sanitary Inspector’s supervision, to secui« 
the health and cleanliness of towns and villages under each 
Government. In large towns, it is presumed, the Municipalities 
will be rendered available for this duty ; but I should wish to 
be informed of the mode in which each Government will 
satisfy itself that the Municipality of any given town performs 
its duty in this respect. I would ask further what arrangements 
will be made for attaining the same object in small villages." 

In 1894 the first Indian Medical Congress represented the 
subject to the Government of India by deputation.* In 
December 1895 that Government gave belated attention to 
the matter by requesting Local Governments to fumisfa 
suggestions. The Sanitary Commissioner for Madras (W. G. 
King) forwarded a scheme in detail and, presumably, the otlm' 
^nitary Commissioners for Local Governments acted likewise. 
In 1904 Sir Andrew Fraser, then Lieutenant-Governor of &nga 4 
urged the Government of India to organise a i^blic Health 
Service throughout India. In 1905 the College of Physiciaha 
(England) made the same representation. In 1907 the Secretery 
of State for India again called attention to the subject, 

» At this Congress Prof. W. J. Simpson, C.M.G.~*hen Health 
Calcutta—made the useful suggestion that these should be -with the 
Govsnunent of India a Ifinistry of Health. “ 
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efforts remained fruitless. But by 1881 Surgeon-General (then 
Surgeon-Major) Cornish, C.I.E., as Sanitary Commissioner, had 
made the first successful endeavour towards the evolution of a 
]^blic H^lth Service, by securing sanction of the Madras 
Government for attachment of a Qvil Assistant Surgeon to the 
Civil Surgeon of each District: these Assistants were selected 
as of professional capabilities which would ensure satisfactory 
medical work during the absence (in the inter^ts of sanitary 
duty) of the Civil Surgeon on tour within his District, There¬ 
after, Civil Surgeons in the Madras Presidency were termed 
" District Medical and Sanitary Officers.” In 1891 Colonel 
(then Surgeon-Major) W. G. King, C.I.E., when ” on special 
duty,” advised the reorganisation of the Vaccination Depart¬ 
ment, the erection of a Vaccine Institute combined with 
bacteriological and pathological laboratories, and the giving of 
facilities for young medical officers being trained as specialists— 
the latter detail being inspired by the results achieved by 
Cimningham and Lewis ; by 1903 much of this scheme had 
materialised.' In 1893 the same officer, in his then function 
of Sanitary Commissioner, recommended, and before the end 
of 1894 secured sanction for, compulsory emplo3anent by all 
local bodies in the Madras Presidency of none but certificated 
Sanitary Inspectors who had undergone special technical 
training and examination of the nature formally apjproved by 
Government. Over 1,174 men of sound general and technical 
education and of superior castes and social status have thus 
qualified, at their own expense. All Municipalities were soon 
provided with these men, and District Boards niade appoint¬ 
ments for them with increasing frequency. United with the 
Cornish scheme, there therefore was in process of formation 
a complete Public Health Service. But, then came the proof— 
if proof there need be—that the Sanitary Commissioner should 
be subject solely to the Government he serves and ” not to the 
Medical Department ” *; in short, that a Public Health Service 
must be self-contained. The Surgeon-General with the Local 
Government of 1895-6 did not appreciate the attention of 
dfficers under his discipline being utilised with ever-increasing 
firequency for sanita^ work; he skilfully trammelled their 
movements in the interest of curative medicine, with the 
inevitable sequel that the Assistant Surgeons of the Cornish 
scheme became merely Qinical Assistants at headquarters. 
The obvious remedy was to duplicate the Assistant Surgeon by 

^ India now possesaes the following laboratories; Pasteur Institute of 
Kasauli; Pasteur Institute of Sonthem India, Coonoor; Pasteur 
Inatitnte ed Burma. Ruigoon; the Bombay Bacteriological laboratory; the 
Icit^ Institute,'Madras; the Central Research Institute, Kasauli. 

^ Govenuaent of India, Home Department, No. 323 of June 4,1886. 
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the addition of a Qvil Assistant Surgeon subject to the Sanituy 
Commissioner ; to be attached by him to the DiiHxict Medical 
and Sanitary Officer as solely liable to orders for sanitary duty. 
The Madras University * had in 1889 undertaken to grant the 
qualification of Licentiate in Sanitary Science (Dow held 
equivalent to the D.P.H. of Great Britain), and the taldngof this 
vnthin a defined time could be rendered compulsory. In the 
meantime, Civil Assistant Surgeons were obtainable who had 
undergone courses in Hygiene and Bacteriology ; to these 
could be added a full course in Minor Sanitary Engineering. All 
Sanitary Inspectors above the grade of Assistant Sanitary 
Inspectors had also received full training in the latter reouire* 
ment. With these two classes of subordinates available, there¬ 
fore, it was evident that what hitherto were mere abstract 
proposals for minor and petty sanitary engineering 
could henceforth reach the District Medical and Sanitary Officers 
accompanied by plans and estimates ; and that, by attaching 
to each of these officers a Public Works subordinate who coula 
aid them in scrutinising these proposals, it was rendered pos^le 
to forward such as met with their approval to District Boards 
for financial sanction ; with that rapidity of action which is 
essential when dealing with the frequently simple yet urgent 
measures necessary for conservancy, the protection of rural 
water-supplies and the carrying out of anti-malarial works. 
The scheme (W. G. King) secured the full simport of the 
Madras Government (1903-4); hut the Surgeon-General of the 
period ijrotested that, as the Head of the Medical Department, 
the Assistant Surgeons should be nominated by him and be 
subject to his discipline, whilst District Boards held that, 
as they paid the salaries, they had the legal right to retain them 
under their orders. The Sanitary Commissioner was effectually 
“ blocked out.” This scheme went lamely forward with no 
authority to dry-nurse it. Subsei^uent Sanitary Commissioners 
pleaded for its completion in the interest of life in rural areas. 
Nevertheless, in 1921, of seven pioneer Sanitary Assistants 
(there should have been at least twenty-two) the District Boards 
retained only two. As it happens, this scheme, excogitated 
twenty years ago * (only to be wrecked, as the proposer prophesied 
in ,a published official Report would be the case, if the Curative 

* At the suggestion of Surgeon-Iifajor McNally, I.M.S. 

• Since this was in type, the Minister of Public Health of the Government 
of Madras has announced that a scheme of a similar nature, ensuring a com¬ 
plete Health Service, will be put in force shortly. Unfortunately, no mention 
is made of the pivot-man in rural organisation, namely, a labile Works 
subordinate attached to the Chief Sanitary Officer of each District. If this 
scheme escape the official conservatism which doomed its predeoeasoi>—'not- 
withstanding it possessed the imprimatur of the Government—4he vB 0 tt 
cannot fail to redound to the credit of recent administrative chaogss. 
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branch of Medicine were allowed to dominate the Sanitary), 
has been adopted in principle, as a result of large and independent 
experience, by the Health Department of the Panama Canal, 
as stated by Colonel Fisher in his Report for 1921 : “ About 
three years ago, the Health Department undertook to do all 
its minor engineering work within its own forces. The Sanitary 
Inspectors were provided with levelling instruments, and such 
as required it were taught to use them.” In the meantime, the 
Government of India scheme of 1911-12 which took cognisance 
solely of the population of Municipalities—thereby excluding 
227,000,000 of the inhabitants of British India from its operation 
—^has received more or less attention throughout India, 
but with far from complete results. So far as the Madras 
Presidency (pop. 41,402,026) is concerned, the judgment as 
to progress passed by the Ministry of Local Self-Government * 
in 1921 was as follows : 

" The reluctance of professional men to accept service under 
Municipal Councils is a menace to the future of sanitation of 
this Presidency. Of the two appointments sanctioned for 
first-class health officers, one is at present vacant, and of the 
fourteen posts sanctioned for second-class health officers, only 
three are filled. No candidates have appeared for training as 
health officers for the past three years. Even men qualified 
as sanitary inspectors avoid service under local bodies if they 
can get other employment.” 

In the Bombay Presidency (pop. 23,081,064), where there are 
157 Municipalities, only 11 have as yet appointed Health Officers 
of any class, and 26 towns share 50 qualified Sanita^ Inspectors. 
The latter in respect to their employers complain they have 
difficulty ” in securing genuine co-operation.” In Bengal 
(pop, 52,656,461) there are—excluding Calcutta—115 Muni- 
dpalities ; only 22 of these have Health Officers, and the whole 
smu% 90 Sanitary Inspectors.* 

What, then, has resulted from the efforts of the Indian 
Medical Service,* in spite of inhibitory conditions, during the 

‘ G.O. No. 80, P.H. January 26, 1921. 

* Eeports of Dinctor of Public Health, Bengal, and of the Sanitary 
Commissioner for Bombay for 1920. 

* In regard to curative medicine, hospital statistics sufficiently demon¬ 
strate tlmt multitudes have been spared suffering and life rendered tolerable. 
It is worth remembering that hos^tal organisation was evolved in 
consequence of the private efforts of u» early civil and mffitary surgemu 
of the East India Company, and that the Government which supplied 
rffiicera for the care of troops and dvil officers gave no extra remuneration 
for tl^ pUlanthropic and fast-expanding labour. Hospital returns for 
19I9 show there were treated in that war 35,078,305 patients, and that 
1,368,6x4 operations were performed. The efficiency of medical training by 
nemters of the Service is testified to by the position assigned to grednatwe 
of Indian Universities by the Medical Council of Great Britain. 
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sixty years which have elapsed since the Royal Commission of 
1859-63 laid down the fundamental principles and organisation 
on which reliance should be placed for mitigating the sevwre 
mortality they found to exist ? As will be perceived itotn the 
preceding notes on Sisyphean sanitary progress, these inh^tory 
factors embrace not only the ca' canny policy of the politician 
in his effort to act “ on the line of least resistance,” by advancing 
education as the pioneer of sanitation, but his product of two 
generations—the educated representatives of Local Boards 
and Municipalities to which practically self-government has been 
afforded for fifty years : nor is it possible otherwise to class the 
ill-advised efforts of certain administrative officers of the Indian 
Medical Service, who happen to have possessed proclivities 
towards Curative Medicine, to absorb and dominate Preventive 
Medicine which, in the course of these years, had received 
world-wide recognition as a definite speciality. 

As opportunities have offered, neither members of the 
Indian Medical Service nor of the Indian Civil Service (minusp 
in the case of the latter, as years passed, an ever-decreasing 
conservative minority) have neglected to urge the progress of 
sanitation by adaptation of legislation, the issue of Government 
executive orders, and the carrying out of sanitary works; and 
be it said to the credit of the Civil Service that each innovation, 
in the absence of a Public Health Service, thrust upon officials 
additional toil and responsibility, either in their functions as 
magistrates or in control of civil staffs of Districts. Under such 
conditions, sanitary administration in India—^notably in the 
Madras Presidency—^has in several respects effected reforms of 
method in advance of Great Britain. 

In the absence of reliable agencies for the collection of vita] 
statistics in the majority of the country, the calculations made 
for the Census of 1911 give the most trustworthy figures avail* 
able up to date. By applying the deductions by Mr. Ackland 
on data given in Mr. Gait's Census Report for 1911 to %ures 
as supplied in the Statistics of India Report (India, part vii) 
of 1911-12, it is found that of the District Boards of India 
(which rule communal affairs in all extra-municipal areas), the 
Presidency of Madras, which gave the smallest percentage of 
its funds, excluding fees received, to Education, and the largest 
inclusive sum to Medical, Sanitary, and Vaccine SeiVices, rad 
the smallest death-rate per mille of population, namely 33*4, as 
against 46 for the Punjab, United Provinces 43*3, Bei^^ 40, 
and Bombay 3S’8. It is an axiom, in gauging vital statistics, 
that any mortality over 17 per mille per annum, in a free 
population, denotes the presence of some unrecognised morbific 
factor. There is no reason why this very moderate estimate of 
normal mortality of human beings should not be applicable to 
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India* What, then, must be thought of such heavy rates, when 
it is remembered that, as averages^ thejr convey no idea of the 
actual death-rates—especially the infantile—as found in certain 
areas of the larger cities ? 

Abiding by statistics for the period 1910-14 as representing 
facts undisturbed by war conditions, it is found that the death- 
rate of British' troops has been reduced from 69 per mille, as 
reported by the Royal Commission of i859-€3, to 4*36 per mille, 
and of Indian troops from 20 to 4*39 per mille, and prisoners 
from an average of 102 to 21-50 per mille. It has been fully 
demonstrated that cholera and small-pox, which contributed 
heavily to the total mortality both of troops and the civil 
population previous to the sixties,” may confidently be held 
in abeyance where sanitary measures are put in force whole¬ 
heartedly. The introduction of public water-supplies in many 
of the larger towns of the Bombay and Madras Presidencies has 
been followed quickly by marked reduction of the total death- 
rates. No impression has been made on the country as a whole 
in respect to malaria—^nor is it otherwise possible so long as the 
main reliance of the authorities concerned is upon quinine 
prophylaxis of the people, as contrasted with the carrying out 
of permanent anti-malarial works. In 1909 the Government 
of India admitted that of the 4,500,000 deaths registered 
annually in India as due to ” fevers,” i,ooo,ooot might 
reasonably be regarded as caused by malaria. It was to that 
Government, in 1898, that Sir Ronald Ross first reported his 
discovery of the malaria agency ; thereby connoting facts which 
have revolutionised the economic and international potentialities 
of hitherto shunned malaria-stricken areas of the tropics. The 
politician of India, subjected to a nightmare of financing projects 
lor control of surface and subsoil waters, again proved equal to 
the occasion ; it became obvious to him that intensive education 
of the householder would lead to the killing of the mosquito— 
at any rate on approach of the millennium; whilst, in the 
meantime, if it did so happen that the mosquito killed the 
educated householder, the finance-surfeited Educational 
Department was capable of proving that beneficent Nature 
would not waste so highly evolved material. 

An excuse often uraed for non-existence of a Public Health 
Service in India is that neither the Governments nor the 
Local Bodies concerned have the requisite funds. Schemes 
which have been worked out in detail show that, if funds were 
more equitably distributed in accordance with public require¬ 
ments other than education, the cost could be readily borne. 
And, indeed, even without this desirable reform, the readiness 

‘ Under peace conditions, the R.A.M.C. undertakes executive duties vntit 
iBdtiah troQpa; admiaistrative posts as* shared by the A.M£. and the U1.S. 
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with which Local Bodies have consented to impose extra 
taxation, with resulting accumulation of large funds for 
railways, proves that the plea is absurd. 

^rther, if the organisation of such a service be essential 
for the application of life-saving measures, it may wdl be 
added that the neglect is indubitably financially unsound. 

On data supplied to him, Mr. Stott, a well-known mathe¬ 
matician, has reckoned that, were attacks and deaths from 
malaria confined solely to families where the head male member 
earned as low wages as Rs. 5 per month, India incurs an 
unproductive expenditure to the extent of over £ao,ooo,ooo 
annually—^without regarding the cost of rearing the producer. 
This may well be classed as a " drain upon India,” and equally 
so is the financial loss resulting from the failure of the indigenous 
politician—the product of the Educational Department of 
India—to recognise the interrelation of the health and wealth 
of communities. There is no reason why the mean expectation 
of life of an Indian male should not be as good as, if not better 
than, that of males in England and Wales—^provided the 
former existed under reasonable sanitary conditions ; yet, 
according to Hardy’s Life Table, the chances are that at burth 
his life will not exceed 32*59 years, whilst, under progressively 
improved sanitary conditions, the Briton has been credited in 
the Life Table of 1841 with an expectation of life of 40*17 
years, in that of 1911 of 46*04 years, and in that of 1914 of 
48*53 years. 

If, as indeed above shown by the present -death-rates 
for both European and Indian troops and prisoners as compared 
with those reported by the Royal Commission of 1859-63, the 
life of the Indian is as capable of prolongation under improved 
sanitary conditions as that of the Briton, then it is evident, in 
the extravagant outlay of funds for education which should 
have been devoted in reasonable proportion to both causes, a 
perpetual annual waste is incurred. From data supplied 
to him, Mr. Stott has calculated that, 39*5 of the present 
population of school-going age being regarded as a constant 
influx, India loses £437*148 each year, by reason of a proportion 
failing to reach 20 years of age, out of a total of funds public 
and private expended for education (Rs. 71,868,000), of whidi 
£320,140 represents public funds ; and that failure to reach 
the age of 39 represents the loss out of total funds of £851,318, 
of which public funds amount to £438,744. If ” it is assumed 
that the education gives an increased value to the nation, those 
who die before 20 will have mven about one-tenth of their 
increased value, and those who die before 39 about one-fourth of 
their increased value, to the nation, thereby reducing the loss at 
the age of 3 o to £386,434 out of total fun^, of which £15)6,ia6 
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represents public funds, and those who die before the age of 29 
the loss of £638,438, of which £329,858 represents public funds.” 
It need hardly be said that, at least as a brain-worker, the man 
who dies before 29 years of age represents a serious loss to his 
country. 

That Education is a most desirable ally of Sanitation is 
incontrovertible ; but in India it has been pursued on fantkstic 
lines which have had inapt relation to the requirements of the 
country ‘; whilst education by practical demonstration of sanitary 
works for the community, which need not interfere with either 
caste nor creed (and which the average uneducated Indian 
is not only capable of grasping the benefit of, but of receiving 
with much gratitude), have been grossly neglected in the rural 
areas, containing no less than 93 per cent, of the total inhabitants 
of the country. It is early yet to form any forecast as to the 
pn^ess of sanitation in India under the Montagu Reform 
schemes, but, so far, it would seem that there is infinitely more 
anxiety to multiply colleges and universities for academic 
science and curative medicine of archaic origin, than to 
remember that the ” first wealth is health,” and that ” within 
human limits, health is purchasable by communities.” 

* In the debate on the Budget for 1913-14 (selected for quotation as typical 
of a prosperous period undisturbed by war conditions) in the India Imperial 
Council, it was shown that Mr. Montagu’s proposal to increase existing primary 
schools from the then existing 90,000 to 120,000 implied an additional out¬ 
lay of 60,000,000 rupees, within an unstated period. In reply to Indian 
Members urging early action, they were informed that, within the previous 
four years, expenditure on Education had increased from ,^1,705,000 to 
£3,043,000, and on Medical and Sanitary services from £968,000 to £1,683,000, 
whilst “ the growth on Police expenditure has been only 10 per cent., and on 
Military services has been less than i per cent." The Members were further 
reminded that of grants for Education 71 lakhs, or £500,000, have not yet been 
disposed of, and, further, that " we cannot really spend at once all the 
money we can get." The contrast, ludd as it is as to h}rsterical financing of 
Edimation to the detriment of other services—^notably the Military, as 
evident in equipment in Mesopotamia—allows no conception of the small 
amount allotted to Sanitation by reason of the two bruiches of Medical 
service being jumbled together. 
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In the April Number of Science Progress a review on A 
Treatise on Chemistry, by Sir Henry Roscoe and C, Schorlem- 
mer, fifth edition, revised by Dr. J. C. Cain, appeared on 
p. 667, following another review on The Manufacture of 
Dyes, by “ the late ” J. C. Cain. Both these reviews were 
written and signed by our valued contributor, F. A. Mason, 
M.A., Ph.D.; and it must have surprised those who are 
acquainted with Dr. Mason’s accuracy to observe that the 
first-mentioned review referred to Dr. Cain as still living, while 
the previous review had referred to him as dead. As a matter, 
of fact the review on A Treatise of Chemistry had actually 
appeared two years ago in our April number of Vol. XV, 
p. 661. By some inexplicable mistake, however, an uncor¬ 
rected proof of this review, which ought to have been destroyed, 
had slipped into the make-up for our April 1923 number, 
and was reprinted without the reviewer’s corrections and 
appeared as stated. We owe our profound apologies not only 
to our readers, but also to Dr. Mason, for the error. 


We have pleasure in announcing the appearance of a new 
publication. The Wireless Review arid Science Weekly, edited by 
Mr. Norman Edwards, and with Mr. G. B. Dowding, A.C.G.I., 
Grad.I.E.E., as technical editor. Sir Oliver Lodge is the 
scientific adviser ; and the first number contains an article by 
him on the Ether of Space, another article by Signor Marconi, 
and several other very interesting contributions. There are 
a number of illustrations. The editorial ofiice is at Fleetway 
House, and the price is 1 7s. 4rf. per annum. 

Sir JaiBM Dewar, F.B.S., UkD. (Sir James 0ricliton4lroiniab ILD,* 
V.B.8.) 

A great man of science has passed away, resolved into that 
atmosphere the secrets of which he has done so much to disclose. 
Sir James Dewar died on March 27th at the Royal Instituticm 
in Albemarle Street, which has been for forty-six years the scene 
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of hi)i labours, and his remains were, by his express wish, 
cremated at Golder’s Green on the following Saturday. 

Bom at Kincardine*on>Forth under the shadow of the 
Odull Hills, and near Stirling with all its romantic historical 
associations on September 20, 1842, Sir James Dewar was 
reared in a Presbyterian home and was earlyintroduced to dialec¬ 
tical theology in the Shorter Catechism. In his tenth year there 
occurred an incident which probably coloured his life. While 
skating on a winter's day he fell through the ice, and when 
rescued walked about in his wet clothes till they were dry so 
that his family might not learn of his misadventure. The result 
of this was that he had a severe attack of rheumatic fever which 
crippled him for two years, and left him with a damaged heart. 
The heart trouble incapacitated him for the active life to which 
he had been previously disposed and permanently cut him off 
from strenuous games and exercises, but in no degree impaired 
his constitutional energy, which remained intact and unsurpass¬ 
able till his death. It was in these two years when he was laid 
aside, free from schooling, with only a modicum of private 
tuition, and cut off from the companionship of other boys of 
his age, that his native gifts had a favourable opportunity of 
spontaneous growth. He browsed unconfined on the wholesome 

g astures of English and Scottish literature, drank deeply of 
lums, and above all began to think for himself and to create, 
and creation is the essence of all genius. Always devoted to 
music, he hkd before his illness attained to some de^ec of pro¬ 
ficiency on the flute, but was now debarred from that instrument 
by breathlessness, and so turned to the violin. With the help 
of the village joiner, he made for himself several violins, one of 
which, wonderfully expressive in its tones, was played on at the 
celebration of his golden wedding in 1921. 

When twelve years old Dewar, still a pale and delicate boy, 
went to the Dollar Academy, a Scottish Secondary School of 
high repute, of which he always spoke very gratefully, and there 
he resumed the ordinary routine of the education ox the period. 
It was a little incident at Dollar, the discovery in the garden 
of Mr. Lindsay, the master with whom he was boarded, of an 
old and half-buried sundial, in the erection and orientation of 
which he took some part, that inoculated him with a taste 
for exact science; but it was not until he went to the University 
of Edinburgh, at the age of seventeen, that his apprenticeship 
to science really began. There he soon diverged from the 
accustomed literary course and plunged, as it were instinc¬ 
tively, into mathematics, physics, and chemist^. In this 
conmnial element his ability was speedily recognised by two 
of ms Professors, Guthrie Tait and Lyon Playfair, the latter of 
whom made him his class assistant. There was great 
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intellectual activity in Edinburgh ^while Dewar’s lot was cast 
there in the sixties of last century, and into that he entered 
with zest and with an acceptance not usually accorded to so 
voung a man. His teaching power attracted large classes to 
his practical demonstrations, and the experiments tendencies, 
which were in the marrow of his bones, unmistakably displayed 
themselves, leading Lyon Playfair to suggest to him tnat he 
should accept an appointment for technical work in connection 
with the dyeing industry with which his friend Crum Brown, 
who became Playfair’s successor, was, by family ties, associated. 
Had Dewar adopted this course Perkins might have been 
anticipated, but he preferred to remain in Edinburgh to carry on 
his less circumscribed researches there, in the meantime, how¬ 
ever, enlardng the scope of his studies, by a sojourn at Ghent, 
where under Kekuli he gave special attention to organic 
chemistry. 

Returning to Edinburgh as Demonstrator of Chemistry in 
the University, he engaged, with Guthrie Tait, in experiments 
with Crookes’s newly invented radiometer, and with McKendrick 
in an inquiry on the physiological action of light. From the 
University he passed to the Dick Veterinary College as Professor 
of Chemistry, and it was while diligently working there that an 
offer of promotion unexpectedly came to him. There was a 
vacancy in the Jacksonian Professorship at Cambridge, for 
which there were several candidates, and a selection was 
imminent, but at this moment the late Sir George Humphrey 
visited Edinburgh as an examiner in the Medical Faculty ana 
was introduced to Dewar. With keen discernment he took 
his measure and immediately telegraphed to Dr. Porter, then 
Tutor, afterwards Master of Peterhouse, “ Hold your hand, I 
have found the man." At the same time Guthrie Tait wrote 
to Cambridge indicating Dewar, and that settled the matter, 
and the post was offered to him by telegram. He was busy 
and happy, a brilliant career in Edinburgh, almost inevitably 
culminating in a Professorship, was opening out before him; but 
his young wife, with sure intuition, felt that he deserved a wider 
field than Scotland could afford, and so the die was cast, aiul 
the migration to Cambridge took place. 

It would not be correct to say that Dewar found himsdlf 
in a congenial element in Cambridge at that time. Hi* 
lectures were an unprecedented success, he made some Ufe-lou® 
friends, of whom one. Prof. Liveing, much loved and venerated, 
still happily survives, but some bristles of the Scottish thistle 
adhered to him, and chemistry and physics had not then C(»ne 
to their own on the banks of the Cam. He had not even sudi 
facilities as he had enjoyed in the North. His laboratory was 
a small room, without a fireplace and badly lighted; apparattia 
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ii^ leoBiMdcuottS by its absence, and his aspirations, very forcibly 
^mept^ssM, were not very sympathetically received. It was 
therefore with satisfaction that he found himself translated to a 
ipore elastic atmosphere when in 1877 he was elected Fullerian 
Professor of Chemistry at the Royal Institution, in succession 
Dr. John Hall Gladstone. 

It was in the laboratories of the Royal Institution, during 
his incumbency of the Fullerian Professorship, that all Dewar's 
triumphs were achieved, more especially those in connection 
with the liquefaction of gases, and the properties of matter 
at temperatures approaching the absolute zero. Faraday, the 
god of his idolatry in all scientific affairs, had led the way in 
this exploration and had, by means of low temperature and 
pressure, succeeded in liquefying all the then luiown gases, 
except nitrogen, oxygen, and hydrogen, and the compound 
gases, carbonic oxide, marsh gas, and nitric oxide, and as early as 
*874 Dewar was fascinated by the subject, as evidenced by his 
lecture before the British Association on " Latent Heat of 
Liquid Gases.” In 1878 he showed Cailletet’s apparatus in 
operation in this country. It was, however, the success of 
Wroblewski and Olsyewski of Cracow in liquefying oxygen 
in 1884 that withdrew him from his earlier preoccupation, with 
the heat of the sun, electro-photometry, and the chemistry of 
the electric arc, and supplied the stimulus to his more memorable 
discoveries. In 1885 he was able to show a profoundly mpved 
audience at the Royal Institution the air we breathe made 
vUible as a clear liquid, compressed to one-8ooth of its bulk 
and produced at a temperature of — 192 Centi^ade. In 1893 
csune oxygen in a solid state, an ultramarine ice produced at 
— 316 Centigrade, and in 1897 Fluorine, as a fluid. In the 
following year appeared liquid hydrogen, and in 1899 a crowning 
d<Me of the century^ that gas in a solid state, at a temperature 
of — 360, or about 13 degrees above the point of absolute zero, 
that unplumbed depth, where molecular movement is no more. 
Helium alone remained unsubjugated by Dewar, and that he 
would unquestionably have liquefied had not Onnes of Leyden, 
working on his lines, accomplished the feat while he was prepar¬ 
ing font. 

I^ow that liquid air is an article of commerce, Dewar’s liquid- 
aur work has become popular knowledge, but only an expert 
who has essayed such an enterprise can conceive the patience, 
the industry, the ingenuity, the constructive genius required in 
it. Dewar devoted to it years of unremitting toil and pursued it 
not without risk to life and limb, and sometimes embarrassed 
by the question of ways and means, to car^ on so costly a 
cainpaig^. To obtiun a degree of cold sufteient to liquefy 
hydirageii by means of internal work done by the molecules 
.. 9 
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while a gas was being forced through a porous plug, involved tht 
building up of a machine capable of sustaining pressure in many 
tons to the square inch, even at a temperature of — 260 Centi¬ 
grade, and fitted together with a nicety and precision, of which 
even first-class engineering knows little. To protect the liquid 
gases when produced against the influx of heat special measures 
were necessary, and the search for these led to the invention of 
the vacuum-bulb, the parent of the thermo-flask which Dewar's 
nimble brain devised, which must have brought him a huae 
fortune had he chosen to patent it, and which, if properly 
designated, should keep his name alive for ever, even amongst 
the masses of mankind. But the vacuum-bulb, even when 
silvered, was not enough. In order to examine the liquefied 
gases in a static condition, and unevaporated for long periods, 
specially high vacua were needed and these were procured by 
Dewar’s utilisation of the absorptive power of carbon. " The 
discovery of the marvellous power of charcoal to absorb gases 
at low temperature,” says Prof. Armstrong, ” will render the 
period 1900 to 1907 ever memorable.” 

Dewar’s liquefied gases, thus detained, became themselves 
instruments of research, and enabled him to conduct novel and 
illuminative investigations on electrical conductivity, thermo¬ 
electric powers, magnetic properties, and electric constants of 
metals and other substances at low temperatures and on the 
effects of extreme cold on chemical and photographic action. 
Having established that chemical changes are almost quite 
inhibited at temperatures about 300 F. below zero, Dewar, 
with the assistance of Prof. Macfadyen, determined to test how 
far vital processes were affected by the same conditi<ms. 
A typical series of bacteria was employed for the purpose, 
possessing varying d^ees of resistance to external agents. The 
bacteria were first simultaneously exposed to the temperature 
of liquid air for twenty-four hours. In no instance could ai^ 
impairment of their vitality be detected in either growth or 
functional activity. This was strikingly illustrated in the 
case of the phosphorescent organisms. Their cells emit light 
which is apparently produced by chemical processes of intra¬ 
cellular oxidation, and the phenomenon ceases with the 
cessation of their activity. These organisms, therefor<^, 
furnished a crucial test of the influence of low temperature cm 
vital manifestations, and when cooled down in liquid air 
they immediately became non-luminous, but, on being thawed, 
the luminosity as speedily returned. In further experiments the 
organisms were subjected to the temperature of liquid air for 
seven days. The results were again nil, for on thavring they 
renewed their life processes with undiminished vigour. The 
organisms were next exposed to the temperature of liquid 
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bydrc^^—only 28** above the absolute zero and again the results 
nil. The fact that life can continue to exist at a tempera¬ 
ture at which, according to our present conception, molecular 
action ceases and the entire range of chemical and physical 
activities, with which we are acquainted, either ceases or enters 
on an entirely new phase, affords ground for reflection, as to 
whether, after all, life is dependent for its continuance on 
chemical reactions. 

Dewar's heroic attempts to reach the absolute zero of 
temjperature, solving problems of supreme importance and 
intricacy by the way—time-and-strength-consuming though 
they were—did not exhaust his scientific energies or complete 
his conquests. As a member of the Explosives Commission in 
1888 in conjunction with Sir Frederick Abel, he invented cordite, 
which became the standard smokeless powder, and during the 
war he contrived a light and portable apparatus for the con¬ 
veyance of oxygen so that it might be available as a protection 
arainst mountain sickness for men going up in aeroplanes. 
He conjured up giant soap-bubbles that survived for months, 
because the air inflating them was like Bonny Kilmenny, " as 
pure as pure can be,” and spread out films of extreme tenuity 
that-in their stream lines and vortex motion yielded to his 
manipulations, assemblages of dancing rainbows of exquisite 
beauty. He took part in many inquiries, bearing on the public 
health and especially on the safeguarding and improvement 
of our water-supply, and was a much sought and inexorable 
witness before committees of Lords and Commons. Along 
with Prof. Liveing he conducted an elaborate series of studies on 
spectroscopy that have now been collected in a volume, and 
would by themselves place him in the first rank as a man of 
science. 

Besides doing his own work Dewar was the cause of much 
work in others. He was eminently suggestive and freelv helpful 
to all who sought his assistance. He did not suffer fools gladly, 
and was intolerant of pretentious mediocrity; but mr the 
earnest student and honest worker he had unfailing sympathy 
and encouragement. The fruits of his experience and the seeds 
of his speculations—and hypotheses of the right sort are 
valuable commodities in science—were always at the service 
of those who consulted him. And it is certain that ideas 
which he thus flashed forth have afterwards, without acknow¬ 
ledgment, materialised in profitable inventions. 

Dewar identified himself with the Royal Institution and the 
Royal Institution became identified with him. He pervaded 
it so that many of its habituiis entering it now feel as if the soul 
had i^one out of it. The scene of his labours became the object 
of his affections, and he never spared himself in its service. 
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Proud of its traditions, and conscious of the opportnoitios 
it had afforded him, he strove to enhance its reputation and 
extend its usefulness. He made liberal benefactions to its 
funds, and was wont to enlarge on the magnitude of its 
accomplishment with the very mea^e means at its disposal, 
pointing out that the fundamental ideas and experiments on 
which are based the stupendous chemical and electrical 
industries of to-day were worked out in its laboratories by Davy, 
Faraday, Tyndall and himself at an average expenditure on 
research of £i,ooo a year. 

During his period of office at the Royal Institution Dewar 
delivered 238 lectures in all, 49 Friday evening discourses, 
48 Christmas lectures, and 151 afternoon lectures. As his 
lectures were no off-hand demonstrations, but carefully prepared 
expositions, every experiment being previously rehearsed, they 
entailed a heavy drain on his time and energy. In the ten 
years—1884 to 1893—he delivered six of those Christmas 
Courses of lectures to juveniles, which make peculiarly exacting 
demands on minute attention and lucid expression, dealing 
with subjects as varied as " Alchemy," " Meteorites," 
“ The Air," “ Clouds and Cloudland," " Frost and Fire," 
" Light and Photography." It was by the allurements held out 
by him that the late Dr. Ludwig Mond was induced to make to 
the Royal Institution the munificent gift of the Davy Faraday 
Research Laboratory, which affords unique opportunities to 
those individual and independent investigators on whom 
Dewar’s hopes for the advancement of science were mainly 
fixed. 

Dewar had a singularly impressive and attractive personal¬ 
ity. He had a head like Shakespeare, a countenance finely 
chiselled, expressive of vivid intellect and abounding vim 
blended with good-humour. He gave the world " assurance 
of a man," a strong true man, open-hearted and open-minded, 
quick of temper perhaps, but genial and generous withal, a 
staunch friend, a delightful companion. With a proper endow¬ 
ment of the ingeniutn perfervidum Scotorum, he was sturdy 
in spirit, intrepid in manner, fearless, patriotic, and given to 
hospitality. No one could be more inimical than he to the 
occult in all its phases, and yet the Press has been not altogether 
wrong in ascribing to him a certain wizardry—the wizard q£ 
Albemarle Street" they have called him—-for he was a wonder¬ 
worker and threw a spell over his audience. Bent on the 
pursuit of reality and on the control of nature through the 
advancement of knowledge, there was scope in the amplitude 
of h» mind for ideal values. He had imagination, which is the 
forerunner of scien^, " the vision and the faculty divine," and 
was a connoisseur in music and the fine arts. On the bools» 
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sltelves in his study, within reach from his easy-chair, were 
assembled well-worn copies of the Essays of Montaigne, Elia, 
and Emerson; the Poems of Hardy, Walt Whitman, 
Rossetti, and Meredith; Landor’s Imaginary Conversations: 
Carlyle's Heroes; Sesame and Lilies, and the Cricket on the Hearth. 

Dewar was knighted in 1904, and that was the only and 
wholly inadequate recognition offered to him by his country, 
to which he brought honour and profit. But foreign countries 
and learned bodies were more appreciative of his merits than 
the dull-witted ministers at home. The Royal and Philosophical 
Societies and Academies of Rome, Belgium, New York, 
Philadelphia, Frankfort, Milan, and Copenhagen were proud 
to inscribe his name on their rolls, and all the four Scottish 
Universities, as well as those of Oxford, Dublin, Brussels, and 
Christiania, conferred on him Honorary Degrees. The Royal 
Society awarded him its Copley, Rumford, and Davy medal, 
and he was President of the British Association in 1903. 

Sir James Dewar married in 1871 Helen Rose, daughter of 
Mr. William Banks of Edinburgh, and she survives him. 
Never had savant a more propitious spouse. Lady Dewar 
entered keenly into ail her husband's interests, sustained him in 
his heavy tasks, and created the first scientific salon in London. 
There are few noted people in the world of science who have not 
attended the receptions in her drawing-room at the Royal 
Institution after lectures there. 


Smthetio Bdativitr (J. B. Haldane; ILA., ILS.). 

While Einstein's theory provokes much discussion, there is an alternative 
method of inquiry which has not been adequately investigated. Einstein’s 
method ignores a physical sether, but tacitly assumes a universal reference- 
frame (his “ space for all the calculations. Relatively to it light is taken as 
radiating in straightWes with a constant velocity. The" space-time metrics’* 
and ’’ four-dimensional continuum ’’ become necessary for the maintenance 
of this straightness and constancy in face of the observed phenomena. The 
idtemative method referred to, identified more unreservedly with the 
Principle of Relativity, would in the first instance ignore all universal 
reference-frames. The Principle of Relativity requires that any one physical 
phenomenon may with equal validity (though not necessarUy equal con¬ 
venience) be taJmn as the reference-system for any or all outer physical 
phenomena, since all physical phenomena are definitely rdated inter te by 
jphyidcal " laws," and cannot be physically related to empty space, the 
Absence of physical existences, ‘niis method consequently would set out 
by confining attention to the observed phenomena of radiation in relation 
to particular units (or classes of units) of matter and would seek to build up 
acosmological system by relating them all inter se, as required by the Prindpfo 
of Bdativlty. 

‘Hiat this method would repay thorough exploitation is indicated by the 
tsntative deductions which even a superficial survey suggests. A few of the 
htors obvious will sufiBice here, by way of illustration, and, it is hoped, may 
load to mme thorough investigations by those competent to suMte them. 
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Each unit of matter would be taken as being the nucleus or centre of its own 
AM. ** of radiation mechanically attached to it and extending spherically, 
in decreasing intensity, ad infinitum, Field/' in this connection, refers 
only to the geometrical conformation of radiations relatively to the nucleus, 
without any further physical implications. Each field Would tend to impM 
its own conformation and velocities on all radiations within its elective 
infiuence, and would be considered as passing freely through other fields and 
their nuclei. The line of any radiation through the universe would thus be 
the mean of the influences of all fields at each point in its course. Near a 
nucleus, however (s.g. on the Earth's surface), the field of that nucleus would 
overwhelmingly predominate in determining the conformation and velocities 
of radiations. A ll physical phenomena could thus he stated in terms of pure 
mechanics and Euclidian geometry, in conformity with all the known 
phenomena of radiation, any unit of matter being equally valid as a reference- 
system. The field of an electron would be the ultimate unit. The resistances 
and attractions caused by the rotation of interpenetrating electron-fields 
suggest an explanation of the coherence of solid matter. The composite 
S3^tem of fields of a solid body could, for most purposes, be treated as a single 
field. The diverse rotations at various velocities of such interpenetrating 
fields would suggest some light on the mechanism of solar systems and 
binary stars, the orbits of which would have a similar motion to that of the 
perihelion of Mercury. 

The constant, diverse, rotations of the electron-fields within such a com¬ 
posite field would provide an elastic medium for wave-propagation. The 
tensions thus set up would be in the general form of radii and circles, 
thus corresponding with a ray and a wave-front of light, for instance. The 
fields of each different form of radiation (light, sound, mechanical forces, etc.) 
would appear to coincide, for each separate nucleus, and also to coincide with 
its gravitational field, and they can thus all be treated as a single field for 
each nucleus, and inertia becomes the mean influence of all other fields in 
the universe. As the component electron-fields of the composite field of 
a solid body (like the Earth) are not concentric, there would be a rhythmical 
variation of the resistances when two such fields rotated through each other, 
suggesting some light on wave-propagation (light, heat, electricity, sound, 
etc.) and gravitation. 

As regards light-phenomena, the rotation of the Earth's field would cause 
such large displacements of the stars, varying with their distance (and 
modified by the influence of the field of our whole solar system), that the 
motion of our solar system would result in a slight apparent motion of 
all the stars in two interpenetrating streams similar to the actual phenomenon 
demonstrated by the late Dutch astronomer Kapte3m. Light passing through 
a more intense part of a field would be deflected very similarly to ^nstein’i 
prediction. There would also be some distortion of the image, amounting 
to a complete halo if the star were directly behind the distenting nucleus. 
As th^ displacement would tend to disappear with increasing distance fixnn 
the distorting field, it would be more apparent in the case of the Moon than 
of the Sun, and also in the case of light received through the Earth's own fi^ 
from bodies near the horizon. All these factors would combine, in the cate 
of a star passing near our system at a high velocity, to produce all the 
phenomena of a comet. 

It could not be taken as definitely established, on this view, that the 
velocity which any one field tends to impose on light is constant. It mi^t 
be found to vary with the intensity of uie field as it does with the dendty 
of ph3irsical media, the wave-length possibly also varying, 

As all these deductions can be stated in definite equations, such investigUf*- 
tions would disclose the presence of any physical «ther (or "apace") 
pervading our part of the universe, if there is one, by its infiuence on radia* 
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ticm; andi if it is mathematically mom convenient to assume an imaginary 
universal reference-frame, they would disclose its requisite internal mat^* 
matical structure. For the rest, the conception of a continuous universal 
mther (or the mathematician's space**) is a metaphysical one which does 
not afiect the ph3r8ical problem. 

Alcoholism Experiments in the Lower Anlmnls (L B. O.)* 

No biologist can or would deny that sociologically extensive alcoholism 
in communities is an evil. It affects indirectly the entire human family, 
and is the cause of much misery and backwardness. At the present time 
complete prohibition of alcoholic stimulants is in force in the U.S.A., and 
this gigantic physiologic experiment is being watched by other nations 
with much interest. The writer is quite unbiased, but convinced in a 
general way, as must be the majority of people, that the “ soaking ** type 
of drinker is of no use to the community, has no right to have a family, and 
cannot be excused by any sj^cies of evidence except from the brewery 
shareholder's point of view. The biologist’s objection to this tjrpe of drun¬ 
kard is not that his future cliildren will be affected by the father's habits— 
for that alcoholism has any deleterious effects on the human sex cells has 
yet to be proved—but because for economic reasons it is quite evident that 
such a man's wife and children could not be so well cared for as the family 
of the sober individual. 'Thus it must be admitted, to begin with, that the 
sale of alcoholic stimulants is bad for the weaker vessels of the community. 
One cannot stop to review the various arguments brought forward to suggest 
that alcohol has helped literary and artistic folk to produce better work: 
it can be said at once that no scientiffc thinker would produce more accurate 
results by the use of alcohol—the latter definitely interferes with precise 
operations; one wonders also whether a host of literary gems are sufi&cient 
excuse for the misery and degradation of any one family. 

The attitude of the average man is undoubtedly that since hs can con¬ 
fine himself to a proper and decent quantity of alcohol, and since Bis 
efficiency is not noticeably affected thereby, while his happiness and that 
of his friends are enhanced, there is no reason why such a gc^ thing should 
be taken away hrom him by force of law. That prohibition is a go^ thing 
economically, the writer feels positively, for he has lived in ** newly dried ** 
districts and seen it for himself. This side of the matter simply boils down 
to the question as to what is most desirable—the most perfect efficiency, 
or a less perfect efficiency and the pleasure brought by moderate drinking 
plus the social misery of a section of the least balanced part of the com¬ 
munity : the reader must have his own views on this subject. America 
chose ** perfect efficiency." 

The well-known work of Miss Elderton and Prof. Karl Pearson, both of 
London University, has been generally accepted for human beings. 

In America, though nothing approaching the work of Elderton and Pear¬ 
son has been carried out on humans (and, one might add, can now be carried 
out), still some very interesting work has been done by Americans on the 
effect of alcohol on animals. Guinea-pigs, fowls, mice, rats, dogs, and 
rabbits have been used: the results have been contradictory, and some of 
the evidence showed that alcoholic parents had healths offspring than 
non-atoholic. In nearly all the experiments carried out by Stockard, 
Nice, Pearl, Arlitt, and Macdowell the object was twofold: to fmd out 
whether the offspring of alcoholised animals were mentally or physically 
inferior to those of non-alooholised. 

Stockard and Papanicolaou, with guinea-pigs, found that alcoholisatioti 
was unfavourable to the offspring; Raymond Pearl found that alcoholised 
fowls produced bigger and healthier offspring; while Nice found, in mice, 
that mild doses produced greater fertility and growth, In rats< Arlitt re- 
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mrted unlavourably; dogs also were badly affected. In one iact alone 
does each author agree—alcoholic animals have fewer offspring. They 
may be larger and healthier, they may be weaker—but they are always 
fewer. One might breathe the hope that the same applies to man. 

In some of these experiments the alcohol was given in the food, but 
in the best type of experiment the animals were exposed to the vapour or 
smell of alcohol, till they got ** under the table : in rats this happens pretty 
soon. Such daily anaesthetisation does not appear to hurt the animals, 
and certain observers have shown that the patients soon become used to 
the treatment. 

MacDowell has procured some interesting results by using a maze which 
the rats were taught to learn: this was used as a sort of mental test. 
Treated rats took longer to learn the maze, produced smaller and fewer 
litters, and grew more slowly. In the second generation, however, the 
offspring were heavier, and learnt the maze nearly as soon as non-treatcd 
individuals. MacDowell has concluded that alcohol works in two or more 
different ways: one selectively on certain hereditary characters, the other 
directly on the germinal material so far as number of litters and growth are 
concerned. 

Wherever mental qualities could be tested, this work on alcoholisation of 
the lower animals has shown that deleterious results follow. Against this 
is the work of Miss Elderton and Karl Pearson on human beings, already 
mentioned. So far as fertility and growth of the offspring of alcoholised 
animals are concerned, the results are contradictory, and often in favour of 
alcohol. Here, of course, in humans the economic conditions enter, and then 
alcohol is definitely injurious when its use is abused. 

Finally, if you have shares in a brewery, it is evident that alcohol in large 
quantities is advantageous ; if your shares are in mineral waters, it is qmte 
evident that alcohol is dangerous. 

Dr. Eammerer in Cambridge (A. O* Thacker, AR.C.S.). 

All who have followed recent contributions to the perennial controversy 
concerning the heritability or non-heritability of acquired characters, will 
be aware that much attention has been attracted in this and other countries 
to certain experiments which Dr. Kammerer, of Vienna, has been conducting 
on amphibians. A brief description of some of these experiments was 
given, for instance, by Prof. MacBride in his article on " The Inheritance 
of Acquired Characters " in Science Progress for January 1921. Much 
interest was, therefore, aroused among English biologists when it was an¬ 
nounced tlxis spring that the Cambridge Natural History Society had arranged 
for Dr. Kammerer to visit Cambridge and describe his experiments in full. 
Dr. Kammerer arrived in England at the end of April, and on April 30 
full opportunities were given to those interested to see certain of hia spedl- 
mens and to hear his views. Dr. Kammerer’s specimens were exhibi^d 
in the afternoon at the Annual Conversazione of the Natural History Society 
(which had been advanced in date for this purpose); and in the evening a 
large audience assembled to hear his lecture, giving an account of the 
much-discussed experiments. The lecture, which was delivered in Engli^, 
was moat lucid. A full official report of it was published in Nature for 
May 12. 

The lecturer referred first to the changes induced in the breeding habits 
of Salamandra maculosa and Salamandra alra by changing their respective 
environments (see Science Progress, January 1921, p. 401). S. macu*> 
h$a lives in the lowlands and produces numerous gilled young at a birtb. 
S. aira lives in the highlands and produces two more fully devmped young 
at a birth, which have already passed through their gilled Stage. By altar<^ 
ing the conditions, Kammerer induced 5 . afra to produce tlnough several 
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gMimtkiiis an increasing numb^ of young (with gills); and converse^, 
he caused 5 . maculosa to produce through several generations a progressively 
decreasing number of young, the latter being more fully developed. Dr. 
Hammerer referred only briefly to these well-known experiments, but de¬ 
scribed in some detail certain colour changes that he had brought about in 
5 . maculosa. Races of salamanders kept on a yellow background for several 
generations increased their yellow markings; and races kept on a black 
background increased their black markings progressively. Moreover, when 
the very yellow breed obtained in this manner were transferred to a black 
background, it was found that their progeny became black more slowly than 
did the progeny of normal salamanders. In the very yellow salamanders, 
the colour was in stripes. Now it happens that simito striped races are 
found in nature, living on light earths, in the Harz Mountains and else¬ 
where ; and in connection with these races (which are known as the variety 
taniata) the lecturer brought out a most interesting point. Crossings 
between normal spotted salamanders and natural twniata gave rise to Men- 
delian phenomena in the descendants, spottedness being dominant; but 
crosses between normal salamanders and the artificially produced striped 
form resulted in blending. And there was another analogous point. 
Ovaries of spotted females transplanted to natural taniata produced spotted 
young. " If, on the other hand, ovaries of spotted females are transplanted 
into artificially striped ones, then, if the father is spotted, the young are 
line-spotted ; if the father is striped, the young are wholly striped." 

Next, the lecturer described how he had developed the rudimentary 
eye of Proteus into a functioning organ, by exposing the animals to red 
light; this was only a development in one generation, but he then explained 
the facts regarding his experiments on the midwife toad, Alytes obstetricans, 
which he had caused to develop—^increasingly tlirough several generations 
—a nuptial pad (see Science Progress, January 1921). By inducing the 
creatures to mate in water, the males developed this pad, which is absent 
in this species under normal conditions, though present in other toads. 
Hammerer would not, however, attach first importance to this case, as he 
thinks it possible to explain it as an atavism. 

The lecture was concluded by a description of some experiments on the 
tunicate, dona intestinalis. Amputations of the siphons of these animals 
caused the siphons to be regenerated to beyond the normal length; and it 
was found that the next generation had abnormally long siphons. And 
this was the case even when the gonads were removed from the first genera¬ 
tion, and had to be regenerated. 

As the reader will have gathered, the lecture was of the greatest interest; 
and Dr. Hammerer had a most cordial reception from his audience. The 
facts regarding the difierent behaviour of the natural and artificial striped 
sakmanders when crossed with the normal spotted type, and the facts 
regarding the tunlcates, are highly suggestive. But the range of the 
ph^mena described is narrow, too narrow to form the basis of any far- 
reaohing generalisation on such an immensely important subject as the 
inheritance of acquired characters. Moreover, the information given was 
not iufficiently exact. The case of the toad seemed pretty clear; but Dr. 
Kaouttierer gave no exact statistics regarding either the salamandeis or the 
turdpates. We did not hear how many salamanders were used, how many 
di^^ bow many survived; nor were there any data showing the normal 
rangl» of variation in the colour of their dkins. Similarly:, there was no 
exi^ statement regarding the number of tunicates used in the experiments, 
wh# is the normal range of variation in the length of their siphons, and by 
ho# much the siphons were elongated in parents and offspring respectively. 
C^^^l these subjects, exact scientific statements are essential. Perhaps su^ 
da^ wttt be forthcoming later. A further point to be remembered kn refer- 
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etice to the salamanders is that they bebng to a group of animals svliicb ase 
apt to behave very difEerently in difierent circumstances, as ^ witness the 
notorious case of Amblystoma. It is possible that the common anoeetors 
of 5 . maculosa and 5 . alra were able to vary their breeding habits according 
to changes in the environment. Lastly, it may be said that Dr. Kammerer 
did not forward his case by misstating the opposing view. He gave vent 
to the general observation that: ** If what changes cannot be hereditary^ 
and if what is hereditary cannot change, we can only predict the immuta* 
bility of species, and therewith dogmatically leave on one side, not only 
the inheritance of acquired characters, but the whole theory of evolution/* 

This dilemma is a truism, but it has no meaning in modem biobgioal 
controversy. Followers of Weismann do not make the nonsensical stote- 
ment that what is hereditary cannot change. All that they say is that a 
change, to be hereditary, must be a change in the germ-plasm. 

Hotel and News. 

Among the names of many notable men of science whose death has 
been announced during the past quarter are the following: Prof. M. 
Abraham, mathematical physicist: Count Fernand de Montessus de Bal- 
lore, seismologist; E. E. Barnard, Professor of Astronomy in the University 
of Chicago; Sir James Dewar; Dr. C. P. Goers, the optician; Mr. F. W. 
Harmer, geologist; Prof. Paul Jacobsen, General Secretary to the German 
Chemical Society; Prof. G. Lunge, the well-known authority on sulphuric 
acid ; Prof. E. W. Morley—of Michelson-Morley fame—Professor of Chemis¬ 
try at the Western Reserve University; Prof. W. N. Parker, Emeritus 
Professor of Zoology at the University O^llege of South Wales and Mon¬ 
mouthshire; Hon. R. C. Parsons, hydraulic engineer; Prof. J. Ritchie^ 
Professor of Bacteriology in the University of Edinburgh; Dr. J, Venn, 
President of Gonville and Cains College, Cambridge; Prof. A. G. Webster, 
ph3rsicist, of the Clark University, Worcester, U.S.A.; Rev. W. Wilks, 
for twenty-five years Secretary of the Royal Horticultural Society and 
producer of Shirley poppies. 

The Royal Medals of the Royal Geographical Society have, this year, 
with the approval of H.M. the King, been awarded as follows: Pounder's 
Medal to Mr. Knud Rasmussen for his work in the Arctic; Patron's Medal 
to the Hon. Miles Staniforth Cater Smith for his explorations in Papua. 

Sir J. J. Thomson received one of the John Scott Medal awards from 
the City of Philadelphia at a special meeting of the American Philosophical 
Society held during his visit to the city last April, and at the same time 
a similar award was made to Dr. Aston. These medals are given on the 
recommendation of an advisory committee representing the National 
Academy of Science, the American Philosophical Society, and the University 
of Pennsylvania. 

The Hansen Prize for distinguished microbiological work has this year 
been awarded by the Danish trustees to Dr. E. J. Allen, Director of the 
Marine Biological Association Laboratory at Plymouth. 

The Anders Retzius gold medal of the Geographical Society of Sjtodkr 
holm has been given to Sir Aurel Stein for his archaeological reseamh in 
Central Asia. 

Dr. C. K. Ingold has, for the second time, been awarded the M^ldola 
Medal of the Institute of Chemistry. 

Prof. W. Duane, of Harvard, has received the Comstock Prize of the 
American National Academy of Sciences for his work on X-rays, an(|t 
A. W. Hull, of the G.E.C. Research Laboratory, the Howard W, Pbtts |fiSld 
medal of the Franklin Institute, for his work on crystal structure. 

Sir David Bruce has been nominated President of the British AsSOdiSI^ 
for the meeting in Toronto next year. 
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Prof. A. C. Seward has been' elected President of the Geological Society; 
Prof. A. Barr of the Optical Society, and Dr. J. L. E. Dreyer of the Royal 
Astronomical Society for the coming session. 

Prof. A. V. Hill has been appointed to the Jodrell Chair of Physiology 
at University College, London, in succession to Prof. Starling; and Dr. 
R. W. Whytlaw-Gray, Professor of Chemistry in Leeds University, in suc¬ 
cession to Prof. A. Smithells. 

The Royal Society has received the magnificent gift of £100,000 from 
Sir Alfred Yarrow to be used as capital or income as the Council may think 
fit, without any restriction, but with the excellent advice that the money 
should be employed for the pa3rment of workers and apparatus rather than 
to erect costly buildings. The Royal Society also benefits to the extent of 
|f5o,ooo from the death of the widow of the late Dr. Mond. Unusual as it 
is for any scientific institution to receive gifts on this scale, in the United 
States it is a matter of almost everyday occurrence; but even there the 
munificence of Mr. Arthur H. Fleming is worthy of record. Mr. Fleming 
has for many years been I^esident of the California Institute of Techno¬ 
logy at Pasadena, and has now handed over the whole of his fortune, 
amounting to about one million pounds, to that fortunate Institution. 

As a result of an appeal from the editor of the Field, a sum of money 
has been promised for carr3ring out a research on the cause of distemper 
in dogs. The Medical Research Council has taken charge of the work and 
has appointed a committee, with Sir William Leishman as chairman, to in¬ 
vestigate the matter and to endeavour to find a prophylactic. Practically 
nothing is known about the disease. It is possibly due to a filter-passer, 
and it is not improbable that the discovery of the cause of distemper might 
throw light on other diseases of a more vital human interest. 

Letters from the Physical Institute, Copenhagen, relating to the elements 
hafnium (discovered by Coster and Hevesey) and celtium (Urbain and 
Dauvilliers), to both of which the atomic number 72 had been assigned by 
their discoverers, would seem to indicate that celtium does not exist at all. 
The spectral lines attributed to it appear to belong to lutetium—one of the 
two elements into which Urbain succeeded in dividing Marignac's original 
ytterbium. 

It is stated that the results of the measurements of the photographs of 
stars taken by the Lick party, at Wallal, Australia, during the ecli^ 
of the sun last September, show displacements which are in agreement with 
those calculated from Einstein's theory. Prof. Campbell, of the Lick Obser¬ 
vatory, who was formerly not an adherent of this theory, is stated to regard 
the question as settled. 

At a lecture delivered at University College, London, last May, Prof, 
H. A. Lorentz described the experiment which ihrof. Michelson has now in 
hand for detecting any efiect of the rotation of the earth on the velocity 
of light at its surface. By splitting up a beam of light into two parts which 
travel in opposite directions round the sides of a triangle, a first order efiect 
on the interference fringes formed by the overlapping beams is obtained. 
It will be remembered that the efiect sought by Michelson and Morley was 
only of the second order. 

The five-year period during which the Government has given financial 
aid to the Industrial Research Associations is now drawing to a close, and 
sdentists will watch with interest and no little anxiety their subsequent 
late. It is to be feared that many trades will be unwilling to bear the cost. 
The Scientific Instrument Research Association will, it is believed, receive 
sufficient support to ensure its continuance, but the future of the Photo- 
graj^c Association is very uncertain at the moment. 

The British Non-Ferrous Metals Research Association has hit upon a 
tmiimt ingenious way of communicating the results of its research investiga- 
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tions to its members. I.ecture8 are arranged at one or more centres to 
which as a rule only the members of the Association itself are admitted^ 
Two objects are serv^ in this manner: firstly, early confidential communica* 
tion of the results of the research is assured to those who have given it 
financial support, and, secondly, the investigator gets into close and immediate 
contact with that section of the industry chiefly interested in his work. In 
this manner the future direction of work and the relative practical impor¬ 
tance of its varied issues are subjected to the mutual consideration of re¬ 
searcher and the industry. So far three subjects have been dealt with by 
this private lecture S3rstem. and very large attendances have been obtained, 
but it would seem that the method can only be satisfactory for industries 
located in one or two centres in the country. 

W. Heffer & Sons, Ltd., of Cambridge, have in the press a volume entitled 
The Expert Witness, by C. Ainsworth Mitchell, M.A., editor of The Anaiyst, 
This book is written on similar lines to, and is in many respects a sequel 
to, the author’s Science and the Criminal, now in its second large edition. 
It gives an outline of the latest application of scientific research to the 
investigation of criminal problems, and also an account in non-technical 
language of the use of expert evidence of all kinds, illustrated by reference 
to old and modern trials. The nine chapters deal with the latest methods 
of identification by means of patterns on the feet; by the pores of the skin ; 
by the detection of latent prints on paper, etc. The latest scientific methods 
of handwriting are also described, and an outline is given of the author's 
methods of estimating the age of ink in writing. In the description of 
Secret Writing there is an account of the scientific evidence given at the 
trials of German spies. The last chapter deals with expert evidence in 
art, and with the application of such scientific methods as &e use of X-rays 
to identify old masters. 

In these Notes last quarter an account was given of the investigations 
of the causes of Building Stone Decay carried out by Mr. J. £. Marsh, 
F.R.S., of Oxford. This matter is now to be investigated by a special com¬ 
mittee of the Building Research Board of the Department of Scientific and 
Industrial Research, which will report on the best methods by which decay 
in building stones, especially in ancient structures, may be prevented or 
arrested. Sir Aston Webb will be chairman of the committee, which in¬ 
cludes among other members Prof. C. H. Desch and Dr. Alexander Scott. 

In his presidential address to the Institute of Chemistry on March i, 
Mr. A. Chaston Chapman gave the membership figures of the Institute for 
the ten years 1913-1923. The number of Fellows has increased from 1,172 
to 1,601; the Associates from 248 to 2,461 I This increase has all occurred 
since 1918. and reflects the post-war enthusiasm for the study of chemistry. 

Dr. B. Petronievics has sent us his pamphlet from the Smithsonian Re- 
poi^s. On the Law of Irreversible Evolution, in which he treats of Dollo's law 
of irreversible based on the Belgian pakTOntologist’s own v^ork. 

At the first Dollo expressed his law as follows: An organism cannot 
return even in part to a previous condition already passed through in the 
series of its ancestors. I^ter Dollo expressed his law with greats exacti** 
tude: An organism never exactly renews a previous condition, even if It 
finds itself placed in an environment identical with the one through whiidi 
it h^ passed. But by virtue of the indestructibility of the past, it always 
retains some trace of the intermediate stages which it has traversed. 

Dollo, however, did admit the reversibility of conditions of existence; 
he wrote : Evolution is irreversible as regards the structure of organisms, 
but reversible as regards environment (Ethology)." 

Dollo will always be regarded, like Cuvier, as the founder of a great law 
of the organic world. 

Some years ago, by means of agglutinin tests, four blood groups wm 
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found in man. Von Dungern and Hirschfeld, and Learmonth and Otten** 
berg suggested that these blood groups in man depend for their inheritance 
upon simple Mendelian factors. 

Ottenbergand Friedman investigated rabbits, and claimed to have found 
certain blood groups, but the work of later observers using a variety of 
animals, cats, dogs, sheep, swine, cattle, horses, rabbits, guinea-pigs, rats, 
and frogs, has failed to establish the presence of blood groups. In some 
cases evidence of agglutinins was found, but not of grouping. 

The latest work on this subject is by E. C. MacDowell and J. E. Hubbard, 
who have shown that there is an absence of iso-agglutinins in mice. 

If the blood groups submit to Mendelian analysis, they must be investi¬ 
gated in man : the writer knows of no work at present in blood groups in 
apes and monke3n3. 

We have received from the Wireless Press four books dealing with wire¬ 
less telephony from the amateur's point of view which it will be convenient 
to refer to here. Mr. P. R. Courscy provides two of notable excellence 
(How to Build Amateur Valve Stations, pp. 70, with 70 figures in the text, 
paper covers, price 6d. net; and The Radio Experimenter s Handbook^ 
Part 2, pp. vi -f 72, with 63 figures, boards, price 3s. 6d. net). The first 
contains a simple explanation of the action of a thermionic valve, followed 
by explicit details concerning everything that an amateur requires to enable 
him, if he so desires, to construct his own set, from the erection of his aerial to 
the completion of a four-unit receiving panel, with a full statement of all neces¬ 
sary dimensions and quantities involved. The second volume is intended 
for those who desire to undertake serious experimental work. It contains, 
for example, formulas, tables, and curves required for the design of induct¬ 
ances and capacities, and describes a number of simple but fundamental 
measurements to be made on valves and with valve circuits. The third 
volume (Your Broadcast Receiver and How to Work it, Percy W. Harris, pp. 68, 
with photographic illustrations, paper covers, price 6 d.) contains a popular 
account of the subject suited to the needs of the purchaser of a receiving 
set who, having no scientific knowledge, still desires to know something 
of its mode of action and to obtain the b^t results from it. The last book 
(The Amateur*s Book of Wireless Circuits, by F. H. Haynes, pp. 107 + ni 
wiring diagrams, price 2s. 6 d, net) is simply a collection of wiring diagrams 
with a boro minimum of description. Capacities of condensers and, occa¬ 
sionally, magnitudes of resistances, are given; but it would seem to the 
present writer that the book could easily have been made more useful and 
interesting than it now is. However, those who are interested in the various 
circuits used for the reception and transmission of wireless signals will 
assuredly tod here all that they need. 

A second report dealing with Dr. Alexander Scott's work on The Cleaning 
and Restoration of Museum Exhibits (H.M. Stationery Office, price as. 
net) has now been issued, the demand for the first report and numerous 
inquiries at the British Museum having shown how much the work is appre¬ 
ciated. The new report deals further wdth the cleaning and iadter-treatment 
of prints and pictures (including pictures on mural tablets and on silk), and 
also with the treatment of objects made of stone, earthenware, lead, silver, 
brass, and wood. Many new results have been obtained which will be found 
of the greatest possible value, and the pamphlet will be very welcome to all 
who have occasion to deal with objects of this kind. 
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OILimSBB JUTB zaW^TSSB BXrB&ICATXOV (F. J. Hiorpe. B.8o., 
Prino^alt Teohnioal Xastitnte, WelliiigbcMmigli). 

The explanation of high-speed lubrication is based upon the fact that by virtue 
of its viscosity and density an oil insinuates itself between the relatively 
moving surfaces and forces them apart. The resistance to motion is then 
due only to the internal friction of the liquid. Its value depends upon the 
viscosity of the lubricant, the relative speed of the surfaces, their area and 
inclination to each other, and also upon the mean thickness of the lubricating 
film. When these conditions arc known, the resistance ofiered to the relative 
motion of the surfaces can very approximately be calculated. 

These facts were established by the researches of Beauchamp Tower and 
Osborne Reynolds over thirty years ago, and the theory has more recently 
been extended by Michell to thrust bearings, and developed in greater detail 
by Martin, Harrison, Sommerfeld, and others. 

But our knowledge of the way in which lubricants act at low speeds and 
under high pressure is not nearly so complete even now, and the explanation, 
instead of t^ing the solution of a problem in hydrodynamics as in the high¬ 
speed case, seems likely to come from the chemical or even from the ultra- 
molecular constitution of the ingredients of the oil and to involve some of the 
most recent work on the arrangement of atoms in the molecule, and even on 
the arrangement of electrons in the atom. In many practical cases it is 
impossible to form the complete film of oil between the moving parts. For 
example, we may take the cases of various worm gears, or the slow-moving 
pulleys of cranes, or slide valves of steam, engines. Many very difierent 
kinds of viscous liquids, and even air, can be used as lubricants in high-speed 
work, but in these low-speed cases oils are the only liquids which can be used, 
and their value seems to depend on a particular property of oils which is 
distinct from their viscosity. It has become the custom to call this property 
oiliness.” In this sense we speak of the animal and vegetable oils as being 
in general more oily than the mineral lubricating oils. 

The researches instituted by the Lubricants Inquiry Committee of the 
Department of Scientific and Industrial Research in 19x9 (i) emphasised the 
importance of this property, and at the discussion on the subject at the meeting 
of the Physical Society (2) on November 28, 19x9, most of the suggests 
explanations were reviewed. 

It had been supposed that the superior lubricating powers of the fixed 
oils might be due to the change of their viscosity under the high pressure. 
If there is a ^eat increase of viscosity with pressure, those oils which showed 
the greatest increase would obviously also be those which formed the most 
persistent film. In other words, we should expect the fixed oils to show the 
greatest increase of viscosity with pressure. The researches of Stanton and 
H3rde (z), however, showed that it is the mineral oils which display the greatest 
increase, so it is to be concluded that the greater oiliness of the meed oils does 
not arise from this cause. 

Another point of importance which differentiates low-speed from hi^ 
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hibrication is that it depends upon the metals of which journal and 
beaxing are made, as well as upon the oils. Archbutt (2) speaks of a case in 

he found that under the same conditions of sp^ and pressure, and 
witti the same oil, bearings lined with white metal would carry double the 
load cairied by bronze bearings without any increase of the friction. 

Again, it has been the custom to speak as if the frictional resistance 
experienced when we try to slide one solid face over another is due entirely 
to the roughness of the surfaces, and that the higher the degree of polish we 
attain, the less will be the friction. Lubricants act in the high-speed case by 
lifting the surfaces so far apart that the little {Mrojections and roughnesses 
are clear of each other, and in the low-speed case by filling up the depressions 
in the rough surface and so preventing the projections from interlocking. 
No doubt these actions are going on in the majority of ordinary cases, but 
Hardy (3) has shown that it is far from being the case that increasing the 
degree of polish indefinitely reduces the static friction. On the other hand, 
he found that if two extremely smooth glass surfaces were placed together 
it was impossible to slide one over the other without tearing away the lower 
surf^. He takes the view that in the ultimate case static friction is entirely 
due to cohesion between the faces. This cohesion depends upon the surface 
energy of the solid. The function of a lubricant is to reduce the energy of 
the surface, and thereby to reduce the capacity for cohesion and the resistwee 
to slip when two composite surfaces (made up in some way of oil and metal) 
are applied the one to the other. Work is done by the forces of cohesion 
when &e film of lubricant is applied to the solid face, and the surface energy 
is decres^ed by this quantity. A further quantity of work is done when the 
two oiled surfaces are applied to one another, with a further change in the 
surface energy. The resulting static friction is an unknown function of the 
total change in surface energy. Very thin films of certain liquids can prevent 
the molecules constituting metallic surfaces from coming within their 
normal distance of cohesive attraction. What is the nature, then, of the 
association between oil and metal which gives minimum friction ? Oiliness 
must be the expression of changes in the surface energy of both liquid and 
solid when in contact, and we can only speculate as to what these 
changes may be when we know something of the chemical constitution of 
the 

Vegetable and animal oils principally consist of the esters of fatty acids, 
each oil generally containing a mixture of several such esters. In olive and 
rape oil the chief eater is olein. The principal constituent of palm oil is palmi- 
tin, while in tallow and in castor oil we have the esters derived from stearic 
and ridnoleic adds* respectively. Sperm oil consists mainly of esters of 
monohydric alcohols and is therefore regarded as a fluid wax. We may 
note, however, that all these esters arc derived from fatty acids oontaixiing 
the carboxyl group CCX)H, and that in the ester the H of this group is 
replaced by some all^l radicle. Mineral oils are very difierent inde^ from 
these fixed oils in composition. They consist almost entirely of hydrocarbons. 
We owe much of our knowledge of them to Dunstan and Thole, who oondude 
that all good lubricating mineral oils contain unsaturated molecules (4). 

In no case,*’ say they, has the chemical constitution of a component of a 
lubrioatittg oil b^n established, but the chemical behaviour ox these oils 
indicates that among the components are unsaturated hydioeaxbons (possibly 
open diain, but more probably naphthenic and polynuclear or perhaps of both 
types), saturated hydrocarbons (naphthenic and probably to some extent 
pomuclear, but not to any appreciable extent parafinoid), and aromatic 
nyarocarbons (to an unknown and possibly a Ibnited extent). The un- 
satuittted communds constitute between 20 and 40 per cent, of most lubri* 
eattng oQii It appears, then« that the true lubricant is an unsaturated com* 
pdniidt poMMMsing all the attributes of Such a compound, namely-- 



t44 


SCIENCE PROGRESS 


(z) Capacity to ab$orb iodine, bromine, oxygen* and eo on. 

(2) Solnbili^ in strong sulphuric add. 

(3) Higher C/H ratio than the saturated derivative. 

ne oiliuess of a mineral lubricating oil would then appear to be doe to 
the unsaturatod molecules of the lubricant entering into some sort of firm 
physioo-diemical union with the metallic surface, thus forming a friction 
surface ** which is a composite of oil and metal. With the fixed oils it is the 
ester molecules which behave in this way. Now it may be that this oompMite 
surface is much more than one molecule thick, the oil penetrating some little 
distance into the metal and altering its physical properties, and some support 
is given to this view by the fact that the oil cannot be completely wiped ofi 
and that even a file does not cut a surface like this which has been oiled and 
then wiped as well as it does a clean metal surface. In order to get rid of the 
oil it is necessary to grind the surface under water or to slice ofi a thin layer. 
But the failure of lubricants is really due to the fact that in these thin layets 
the rate of shear may become so high that there is actually slip between the 
oil and the metal and that the lubrication breaksdlown in consequence. Fixed 
oils are the better lubricants under low-speed and high-pressure conditions, 
because in their case the layer in immediate contact with the metal can stand 
a higher rate of shear than the corresponding layer in the mineral oils. This 
view of lubrication and the cause of its failure seems to fit in better with the 
alternative theory that the oils, or certain constituents of them, are adsorbed 
rather than absorbed at the solid face. 

The theory is briefly this. When an oil is in contact with a metal it ceases 
to be perfectly uniform throughout, but certain of its molecules concentrate 
at the surface of contact, and not only so, but at that surface they take up a 
particular orientation. In one case it is known that the surface is built up 
of rod-like molecules all packed tightly together standing on their ends. Wo 
may thus picture the surfaces of the bearing and journal as covered with a 
layer one molecule thick, resembling a piece of velvet firmly glued to the 
metal with the pile outwards (5). Two such velvet-like surfaces can glide 
over one another with very little friction. It is obvious that the formation 
of such layers must depend on the forces called into play between those mole^ 
cules of the oil which are capable of adsorption and the molecules of the metal 
of which the bearing and journal are made. In other words, oiUness must 
dei^nd not only on the oil, but also on the nature of the metal with which the 
oil is in contact. We have seen this to be the case. 

Wlmt, then, is the evidence for adsorption, and what is the evidence for 
a special orientation of the molecules at an interface or composite surface ? 
In the c^e of the fixed oils the esters and any free fatty acid molecules show 
tendencies to adsorption at a solid or even at a liquid surface with which the 
oil may be in contact. If we find the percentage of free acid in a samfde of 
commercial olive oil, for instance, and then shake some of the oil with 
powdered glass and ^terwards titrate a portion of it, we shall find that the 
percentage of free acid is now less owing to adsorption of the free add having 
taken place at the surface of the powdered glass. When we examine the 
mineral oils we find their behaviour rather diflerent. Dunstan and Thota 
consider that these oils must be included in the category of iso-colloids, that 
IS, polyphase systems in which the disperse component is of the chie m i c al 
^ medium. Just as water must be regact^l^ ae a 


4.V u* t. ‘ ” and similar structure. As evidence 

viscosity, large temperature coeffiident of viscosity, am 
espepaUy the temperature-viscosity hysteresis efiects characteristic ^ 
cmulsoids o^^ed by Glarebrook^ Higgins, and Pannell (6). APr long ago 
•J* * 9 ^ 5 # Schneider and Just (7) were led to the same eonciusion l|y 
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Mttosooplc obeervailonfl. Hardy states emphaticsally that a true lubricant 
is always a substance which is adl^rbed at t& solid 

If we shake a pure mineral oil with powdered glass, what will be adsorbed ^ 
It is diMcult to examine directly &e behaviour of an oil in contact with 
a metal in order to obtain therefrom any light on the question of a speciho 
orientation of the molecules, but researches have been made on the behaviour 
of the oils and of the fatty acids on water which are very suggestive as to 
what may also happen when these oils are in contact with a metal bearing ; 
and Harldns and Ewing (8) have shown that the adhesional work between 
an organic liquid and mercury is always greater than between the organic 
liquid and water. This may also be true for the solid metals. 

In a recent paper P. Woog (q) has given evidence that the greasincss of 
fatty substances depends to some extent on the tendency of the molecules to 
^alesce, a tendency which should become more pronounced as the molecules 
increase in dimensions. It was found that the molecular volumes for a 
number of fatty oils are distinctly higher than those of mineral oils of corre¬ 
sponding viscosity, and that for mineral oils the greasiness runs closely 
parallel to the molecular volume. Now we have seen that adsorption takes 
plac^ if there are molecular aggregates distributed through the body of the 
liquid, and thus it seems as though there will be the greatest adsorption with 
those oils in which the volume of the molecular aggregates is the greatest. 
Again, Langmuir (10) showed that films of the fatty acids spread upon the 
stimce of perfectly dean water in layers only one molecule in thickness, and 
moreover that these molecules are all arranged in similar orientation. The 
molecules of the saturated fatty adds are attached to the water by their 
carboxyl groups. Oleic add is attached by the carboxyl group and also at 
a point in the middle of the chain, and is bent down toward the water at the 
latter point. Palmitic add lies with its molecules all perpendicular, with 
the carboxyl end, of course, on the water. Woog found measurement of 
fflms of the majority of fatty oils and of their principal constituents to give 
similar results. An exception was castor oil, which seemed to show asym¬ 
metry of its molecules. N. K. Adam (ii) has examined thin films of palmitic 
add on water, and had confirmed Lan^uir^s results. Thin films of fatty 
oils or fatty adds spread upon water into layers one molecule thick, but pure 
mineral oils gather up into drops. The difference in behaviour between fatty 
and mineral oils is also well shown if we attempt to find their interfadal 
tensions with water. A suitable form of apparatus is that described by 
Reynolds (12), which is a modification of the ordinary capillary rise method 
for surface tension. By fixing the capillary tube centrally inside a burette, 
filling the burette with water, and then turning on the tap so that the water 
drips out, at the same time pouring the oil in at the top to take its place, we 
can get the water-oil surface about half-way down the burette and clearly 
see rile capillary elevation in the inner tube. Reynolds fi)und that pure 
solvents with water gave a definite capillary rise, but that the presence 
of imparities often caused the rise to decrease with time. As this falling away 
was also characteristic of colloidal sols in contact with benzene, it was taken 
as being due to progressive adsorption at the^ interface. All the distillation 
l^oducts of petroleum tested by Reynolds showed similar results, which thus 
confirms the view of Dunstan and Thcfie that these are colloidal in structure. 
The writer has used this apparatus for fixed oils and for mineral oils, and has 
found that olive, rape, and neatsloot oils, if neutral or containing not more 
than about 1*5 per cent, free acid, have adefinite interfacial tension with water 
(as f howu by me capillary rise, which takes a number of hours to establish 
itself, but then remains oonstemt for days), but pure mineral oils show a 
decrease in riie capillary rise with time. This decrease goes on generally 
untji the level of the liquid is the same in the capillary as outside. The con- 
clurionis that with the fixed (oily) oils there is a definite molecular concefitxa- 
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tion at the interlace* while wil^ the mineral oils (not so oily) there is a pro- 
gtessive adsorption Ixom the interior, causing continual change in the state 
ol molecular aggregation at the interface. It has been long known that the 
addition of a small quantity of a fixed oil to a mineral oil increases its oilineet, 
but Wells and Southcombe (13) have shown that a very small percentage of 
fatty add added to a mineral oil produces the same efiect as a much larger 
amount of the fatty oil. Some interesting figures relating to this efiect have 
been given by Archbutt (14). The table shows the results of tests carried 
out by Deeley. 


Prottnie in lb. pet 
sqtiare inch. 

Straight Mineral Oil. 

Same Mineral Oil and 

3 % Free Fatty Acid. 

Static Friction. 

lo 

8-8 

6-4 

20 

i8-8 

12-4 

30 

27*2 

21-2 

40 

34-8 

27-1 

50 

45-4 

31*2 

60 

58-0 

391 

70 

61-7 

42‘I 

80 

66-5 

50-0 

90 

895 

57-6 

100 

107*1 

647 


Again, some teste with the Lanchester worm gear showed that the addition 
of this small quantity of add enabled the mineral oil to retain its lubricating 
properties at a higher temperature than the pure oil. Pure mineral oil gave 
a ^nstant effidency of 95-95 per cent, up to 100® F., after which the effidency 
fell off suddenly and continued to do so. Mixed oils (5 per cent, free fatty 
add) gave 96-2 per cent, up to 120® F., and then the effidency only fell off 
gradually. Wells and Sou^combe have made up a spedal mixture called 
Tonicol, which, when added in small quantities to a pure mineral oil, increases 
™J[^.t>ricating power in the same way that a fatty add does. Since the 
addition of this small percentage of add to a pure mineral oil has such a 
marked effect on its lubricating power, we should naturally expect it to have 
^me effect upon the interfacial tension. This is in fact the case. In general 
44 ^filtion of the small percentage of acid has the effect of making the rate 
01 falling away of the capillary rise less, and there appears to be one particular 
percentage which when added to an oil completely stabilises the interfadal 
tension and makes the mineral oil behave like a fixed oil. Eitperimente of 
/mature have only been made on a few oils, but the evidence seems to 
^mt to the fact either that the acid itself is adsorbed at the interface and 
molecular orientation, or that it causes molecular aggre^ 
orientation to be adsorbed at the interface. Of 
Ifmolecular behaviour at an oil-metal inter- 
^ mo “ oil-water interface, but the behaviour in the ohe 

u behaviour in the other. This 

^ of Harkins and Ewing (8 he. cii.). 

alo^of a out that a knowledge ol the chemical constttutkm 

enable us to determine its lubricating power. W« 
^f***^^ it is to be in contactTFortestMwu, 
*? Mtilub^ant for glass, a feeble lubricant for bismuth, and «a 
admirable lubricant for ebonite. Acetic acid is a good lubricant for gtai 
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aad a feeble lubricant for bismuth. Does this mean that with any given 
oil only certain solids are capable of producing that particular adsorption 
and orientation of the molecules which will ^ve the most complete lubrica¬ 
tion ? Willows has suggested an explanation along these lines. But by 
experimenting with one metal only, namely bismuth, Hardy has been able 
to form a few conclusions as to the effect of the chemical constitution of the 
oil. He does not agree with Dunstan and Thole that unsaturation is essential, 
but he states that in most homologous series lubrication increases as mole¬ 
cular weight increases, and moreover that this rule holds true even when the 
members of the scries change from liquids to solids at the temperature of 
observation. The influence of chemical constitution is, however, extra¬ 
ordinarily complex, and the only absolutely general rule he has found is that 
the introduction of a single hydroxyl group into a molecule increases its 
action as a lubricant. More hydroxyl groups may have the opposite eflect. 
In general the single hydroxyl group is very much more effective attached 
to a ring or closed chain nucleus than to an opeh chain nucleus. The worst 
lubricants are simple synunetrical compounds, such as benzene and carbon 
tetrachloride, but putting H in place of Q or CH^ in place of H increases 
lubrication. 

How does the adsorptive effect of the metal on certain molecules of the 
oil actually bring about a lubricating effect ? For an explanation we have 
to get right back to our fundamental conceptions of the structure of matter. 
Hardy describes how, if we start with two liquids whose surface tensions are 
practically equal, e,g. benzene and propionic acid, and place a drop of each 
on a clean glass plate a few millimetres apart, the drop of acid which is the 
good lubricant will chase the non-lubricant benzene to the edge of the plate. 
This is direct evidence that the forces of attraction operate more strongly 
between a solid face and a good lubricant than between it and a bad lubricant. 
The better lubricant is obviously more strongly adsorbed by the solid face. 
Willows (16) looks to the theories of Thomson and Langmuir to give us the 
explanation of this adsorption. In certain molecules some of the atoms are 
supposed to have lost and some to have gained electrons ; hence these mole¬ 
cules will exhibit the properties of electrical doublets, and will be surrounded 
by a strong electrical field. Thomson shows, from measurements of dielectric 
constants, that certain chemical groups, like OH and COOH, are especially 
marked in this respect. Thus cohesion of a liquid—and by implication the 
surface tension and viscosity also—^must arise, in part at all events, from 
the attraction between such doublets. 

Extending this to the case in which the liquid is in contact with a metal, 
it is well known that the electrons in metals are in a state of considerable 
freedom, hence when a liquid whose molecules possess fields of force comes 
near a metal, it may have the power to bind certain of the electrons from 
the metal, so creating an electrical double layer, whose negative portion is 
in or near the oil. This is adsorption, and if the molecular aggregates in the 
metal should also possess electrical fields the eflect will be increased. There 
will thus be considerable cohesive forces between the solid and the liquid, 
and the viscosity of the oil will be large. Thus two of the main characters 
of a good lubricant—adhesion to the solid and high viscosity-—can be 
accounted for, and such friction as there is will be between the adsorbed 
layer and the liquid layers near it. The previously mentioned results of 
HarUns and Ewing seem to coxifirm this view of the action of a metal. 

The most important factors are thus seen to be (1) the amount of lubricant 
which is necessary to form the contact film, (2) the chemical constitution 
of the lubricant, (3) the composition of the solid faces. Concentrating his 
attention on these three points, Hardy (17) has been working with the nonnal 
paraffins and their related adds and ai<x>hol8 against bismuth, glass, and 
steel, % oondudes with regard to (z) that the friction is independent of 



MS SCIENCE PROGRESS 

th^ quantity of lubricant present, provided there is enough to cover tba^ 
surfaces wiib a certain essential primary film. The critical value of the 
friction, f.e. the point at which it ceases to depend on the quantity o! oil, Is 
when lubricated faces are just in equilibrium with the saturated vapours 
of the lubricant present. This critical value is, of course, also the lowest 
value of the friction for this particular case. Ihe lowering of the friction 
is proportional to the concentration of the molecules of the lubricant in the 
gas phase* 

Secondly, he finds that if he takes each chemical series In turn, #.g. the 
parafSns, or their corresponding alcohols, when the coefficient of static 
friction for each of these was plotted against the molecular weight the curve 
was found to be a straight line. 

Thirdly, the efiect of the nature of the solid face was unexpectedly simple, 
for in changing from glass to steel the curve for a series is merely moved 
parallel to itself, and in moving from steel to bismuth there is a further 
shifting. 

There is no doubt now that it Is actually the molecules which form the 
contact layers which are the most important. 

As an jriternative to the colloidal structure of lubricating oils as suggested 
by Dunstan and Thole, Brillouin (i8) has given another possible explwation 
of their behaviour. Dealing first with a thick film between two planes, 
one of which is moving while the other is at rest, he considers that there is 
evidence that the lateral movements of lubricants transverse to the direction 
of motion (of the one plane over the other) are due to am elastic resistance 
which is called into play, and he considers also that the characteristic pro* 
perties of lubricating oils are due to the fact that they are not liquids in the 
true sense of the word, that is, they are not isotropic, but that they are 
anisotropic, only possessing true fluidity in one or at most two directions. 

Practical lubricants, he considers, are probably very concentrated seda¬ 
tions of a crystalline solid in a very small quantity of a very viscous isotropic 
fluid, I’.s. solutions which, according to the degree of concentration, will be 
solids, anisotropic fluids, or liquids. It is possible that the limits of these 
three states may be displaced by the heating, or by the addition of liquid. 
It is the intermediate (anisotropic fluid) state which lubricates. Possibly 
the neighbourhood of solid surfaces may also influence the properties of 
lubricant, and in the superficial layer the lubricant is perhaps entirely solid 
while anisotropically plastic throughout its mass. 

In this direction we may find another explanation of the increased 
lubricating powers conferred the addition of the small percentage of fatty 
acid as discovered by Wells and Southoombe, for Lal^ouste (19) has shown 
that certain films of fats and fatty acids spread upon water may be in thM» 
solid state when under pressure at temperatures above the melting-point. 

Experimenting on films of substances melting between o^ and zoo^, he 
found that the film remained solid up to a certain temperature, after vrhkll 
It became increasingly brittle as the temperature rose, until the soUd aspect 
completely disappeared and liquid droplets were formed. If, however# at 
tWs last temperature the film is compressed until its surface is reduccMl to 
that occupied in the cold, it seems to revert to the solid state. The clearest 
restdts were obtained with trimyristin, but oleic and palmitic adds gave 
sim^ effects, though the transformation points were not so clearly defined. 

It would appear, then, that there ere many interesting investigations 
now proceeding, which, though not all primarily undertaken for that par- 
may throw a great deal of Ught on the behaviour of oils to contact 
with metals, and especially on the ability of good lubricants to redst teeaMng 
doom under the abnormally high rates of shear developed under low-Speim 
conditions. The problems, like those of that other topic of such intermt 
to the engineer, froth flotation, seem as if they wUI receive their solutkto 
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tbe hands ol the pure physicist or colloid chemist, working on the snl^ects 
of surface tension, adsorption, and molecular structure. 
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XATHSMATXOS 

A Treatise on the Integral Caionlni, with Applioations, ExampleSt and 
Problems. By Joseph Edwards, M.A. Vol. 11. [Pp. xv 4- 9B0.] 
(London : Macmillan & Co., 1922. Price 505. net.) 

The second part of this voluminous work continues in the spirit of the 
first. The author's object is clearly to present as large an assemblage of 
facts about the integral calculus and its applications as can well be collected 
into one book, and he carries out his object without any very obvious regard 
for the more modem spirit of mathematical analysis. Perhaps one may be 
disposed to wonder why Mr. Edwards chose those particular topics which 
he has included in his treatment of the subject: thus why does he include 
Legendre Coefficients and the Tesseral and Sectorial Harmonics, while the 
equally important Bessel functions are hardly mentioned ? But on the 
whole the second volume is very comprehensive in its outlook, dealing as it 
does with Eulerian Integrals, and Beta, Gamma, and Gauss's n Functions, 
many types of Definite Integrals, Contour Integration, Elliptic Integrals and 
Functions, Calculus of Variations, Fourier Series, Probabilities, Combination 
of Obsorv''ations, and Harmonic Analysis. What one misses in Mr. Edwards* 
discussion of these topics is some kind of unifying principle, a common 
thread of argument, that could help to make the reader grasp t^e fundamental 
conceptions of modem investigations in these matters. 

It seems that Mr. Edwards* book sufiers from the effects of the very 
long delay experienced in its production : it has become too big and preten¬ 
tious for the sort of mathematical atmosphere it betrays. Honours students 
at many of our universities would have been very grateful to Mr. Edwards 
if he had issued a one-volume work on the Integral Calculus, comparable in 
size, scope, and cost with his well-known Treatise on the Differential Calculus. 
The modest but important function of teaching student the elements of 
the subject, and affording them the opportunity for acquiring the necessary 
manipulative skill, is one that Mr. Edwards can perform with credit and in a 
manner pleasing to the learner. But a work in two volumes, comprising 2,000 
pages, and costing five pounds, must offer more of permanent value to the 
scholar than, apparently, Mr. Edwards has the desire to produce. 

Ooms de Physique Mathdmaiiqne de la Paimltd dee Bdenoee. Per I. Bous- 
si^sQ. CcanpUments an Tome ISU OoneOiattoii da TMtaUe 
idiiisine ^ a?ep Texistaioe de la vie et de b liberie mocele. 

[Pp. xlvui -f 217,] (Paris; Gautlder-Villars et Cie, 1922. Price 30 frs.) 

The main topic of this book is made clear by the sub-title, but it also con¬ 
tains a multiplicity of minor points. In the first part with Homan paginat io n 
the writer ^scusses the possibility of the existence of the sort of ether 
required for optical phenomena, and a problem on the rotation of fluid 
surface tension. He then paves the way for the second part of the booik^ 
describing how he had written on the question of yn^ ii;»han ic al determinlsni. 
and moral freedom over forty years ago, quoting at length the reteree*s 
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Iditmient on a paper on the subject submitted in 1878 to the Acad6mie 
dee Sciences morales et politiques, and discnssing the agreement between his 
own view of the matter and the most accrediti^ opinions on the nature of 
vital phenomena. 

The second part with Arabic pagination is essentially a reissue of the 
work published by the author in 1878. At bottom the idea is that moral 
freedom can exist concurrently with mechanical determinism, if we assume 
the existence of a directing agency whose influence does not affect the mechani'' 
cal quantities involved in any course of action. To conceive the possibility 
of such an agency, Prof. Boussinesq suggests that in a mechanical problem 
a solution wlflch satisfies all the conditions may be ** tangential ** to another 
satisfying the same conditions, just as the solution of a differential equation 
is tangential to the singular solution when it exists. The directive agency 
would then decide which solution to follow, without having to add or suh^act 
any momentum or energy. 

Many remarks of an interesting character on various mechanical and philo* 
Sophie questions are made by this veteran exponent of mechanical principles 
and their physical applications. 


ASmOHOMT 

She Hatheniitioal Theory of Bdetivtty. By A. S. Eddington, M.A., M.Sc., 
F.R.S., Plumian Professor of Astronomy in the University of Cam¬ 
bridge. [Pp. X + 247.] (Cambridge: at the University Press, 1923. 
Price 205 . net.) 


This volume is a development of a mathematical supplement which 
was written for the French translation of the author's Spau^ Time and 
Gravitation, The latter work waLS an exposition of the fundamental ideas 
which underly the generalised relativity theory, which did not call for any 
extensive knowledge of mathematics on the p^ of the reader. The neces¬ 
sity for a revision of the older ph3r8ical ideas (as we may now call them) 
was traced out, and it was shown how the new theory provided a rational 
explanation of the difficulties which the older ideas had encountered. In 
the present volume. Prof. Eddington assumes a general acquaintance with 
the discussion given in Space, Time and Gravitation, and proceeds to develop 
the mathematical formulation of the new conceptions and to follow out 
their consequences. 

A summary of the principles of the absolute differential calculus is first 
given. The necessity for the use of this calculus, without which the theory 
could hardly have been developed, is admirably summarised in the following 


passage: 

'*1 do not think it is too extravagant to claim that the method of the 
tensor calculus, which presents all physical equations in a form independent 
of the choice of measure-code, is the only possible means of stud3rbig the 
conffitions of the world which are at the l^s of physical phenomena. The 
physicist is accustomed to insist (sometimes quite unnecessarily) that all 
equations should be stated in a form independent of the units employed* 
Whether this is desirable depends on the purpose of the formulas. But 
sdiatever additional insight into underlying causes is gained by stating equa¬ 
tions in a form independent of units, must be gained to a far greater degree 
by stating them in a form altogether independent of the measure-code. An 
equation of this general form is called a tensor equoHon/* 

And again: A tensor expresses simultaneously the whole group of 
measure-numbers associated with any world-condition; and machinery is 
provided for keeping the various codes distinct. For tl^ reason the some¬ 
what difficult tensor calculus is not to be regarded as an evil necessity in 
subject, which ought, if possible, to be replaced by simpler analytical 
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deviiM; our knowledge of conditions in the external worldi as it comet'to 
m through observation and experiment, is precisely of the kind whkh cant 
be expressed by a tensor and not otherwise/* We have emphasised these 
passages as it is thought by some that there should be a simpler way to the 
theory which would avoid the introduction of the differential calculus. 

Following upon the development of the tensor calculus, successive chapters 
deal with the Law of Gravitation; Relativity Mechanics; Curvature of 
Space and Time ; Electricity; World Geometry. Thus we axe led from 
the more elementary conceptions into the pasts of the theory which are more 
speculative and more uncertain. It is not all easy reading, even for the expert 
mathematician, but the whole possesses that admirable lucidity which is 
characteristic of I^of. Eddington. In the mathematical portions, the 
successive stages of the arguments are given in sufficient detail for the reader 
to have no difficulty in following. 

Prof. Eddington’s report to the Physical Society greatly helped to spread 
a knowledge of the mathematical bases of the theory in this country in the 
early days of its development. The report was, as might be expected under 
the circumstances, far from perfect in some respects, and we are grateful 
to him for having now prepared this valuable account of the mathematical 
theory. It should be read with appreciation by many. 

H. S. J, 

Inbroduotion i la thAorie de la Rdativltd, Oaloul dlMrsnttal absolii st 
gtomdtrie. Par H. Galbrun, D.Sc. [^. x + 460, with ffgures.] 
(Paris : Gauthier-Villars et Cie, 1923. Price 60 frs.) 

For a thorough understanding of the generalised theory of relativity, a 
knowledge of the absolute differential calculus as developed by Ricci and 
Levi-Civita is essential. To probably the majority of students of the subject, 
the original papers in which this calculus was developed are not easily acces* 
sible. It is true that many of the books which deal with the mathematical 
side of the theory contain a more or less complete account of the fundamental 
ideas which underly it and of their development in so far as they are required 
for the exposition of the relativity theory. By this means the student may 
acquire a sufficient knowledge to follow the development of the physical 
theory, but not to become really at home with it to such an extent tut he 
can proceed to further developments himself; Moreover, different authors 
develop the subject from different points of view, and their correlatioii is not 
always easy for the beginner. 

The appearance of the book under review is therefore very welcome. It 
provides a connected account of the absolute differential calculus togetlw 
with an account of some of its applications. The treatment is somewhat 
detailed, and in order that the student may never lose sight of the fact that 
summations are always being dealt with, the summation sign is never omitted. 
This is probably an advantage at first, as it keeps the meaning of the lormuhs 
present to the mind of the student and makes the process of chan^ng dummy 
indices ^d suffixes intelligible. If this is not doile, there is a tendency log 
the beginner to lose sight of the fact that summations are intended* But 
thereby much of the compactness of the formal expression of the theory ie 
lost, and it is to be regretted that after the first few chapters the atitlto did 
not abandon the summation sign. 

On the other hand, the use of a special symbol to denote covariant differ*' 
entiation is to be recommended. The author uses throughout the symbol 
and BO avoids the confusion which is liable to occur when is used bo^ 
for any covariant tensor of the second order and for the covariaiit derivatiim 
^ the covariant tensor of the first order. The author's notation may not 
he the best, but some distinction seems desirable. 

In dealing with the geometry of a non-Euolidean space of n dfniemioaNt 
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bpvi^Civita's metiiod of considering the space as a section of a Endidean 
j^aoe of order m greater than n is fully discussed as well as the geometry 
of Weyl applicable to the same space* Weyrs notion of B&nt oonm^tion is 
irery clearly explained. The chapter dealing with Weyl's geometry forms 
a ^tting introduction to Weyl's own treatment in his RauHhZM-MaiBris, 
which is very condensed and difficult for a student approaching the subject 
for the first time. 

The volume closes with a full account of the application of the 
calculus to the restricted theory of relativity. The generalised theory is 
not touched upon, but a student who has first mastered this volume will find 
that that contains no terrors for him. As may perhaps be expected from a 
French author, the treatment throughout is admirably clear and logicaL 

H. S. J. 


lbs Qaintnm Theory* By Fritz Rbichb, Professor of Physics in the 
University of Breslau. Translated by H. S. Hatfield and Henry 
L. Brosb. [Pp. V + 183.] (London: Methuen Sc Co., 1922. Brice 
6s. net.) 


The Quantum Theory has been developed very rapidly within the last few 
years and has achieved some notable successes, particularly in the explanation 
of the fine structure of spectral lines. As many of the original papers bearing 
on the theory have appeared in foreign publications which are in many 
instances not easily accessible to the general scientific reader or which he 
probably does not see regularly, it is difficult to keep touch with the latest 
developments* The volume under review will be found of great value in 
providing a general account of the present state of the theory. It is some¬ 
what condensed, but as very full references are given throughout to the 
original papers, means are provided by which the reader will be able to find 
further information on any particular details in which he may be especially 
interested. 


The author does not assume the reader to possess any great knowledge of 
maihematics. The results of mathematical investigations are quoted and, in 
> case of the more elementary results, brief proofs are given amongst the 
( at the end which may be read with profit by the re^er who possesses 
t mathematical training. These notes are mixed up with the references 
the original papers quoted. It would have been more comfortable for 
the reader if they had b^n separated. It is distracting to break the thread 
6f the argument to have to refer continually to the end of the book for a note, 
o^y to find that it is nothing but a reference to original literature. These 
ime may pass over in reading, whereas it is desirable to read the mathematical 
yiyl omr notes along with the general argument. 

As is frequently the case '^th German authors, there is a tendency to 
pass over the wofrk of English and other non-German scientists. The work of 
Mans* for instance, is barely mentioned. Yet Jeans's proof that Flanck's 
taw of radiation necessarily involves something of a quantum nature was an 
timxnrtant step in the development of the theory. The book is not without 
a number of misprints. Thus in Note 13, tr ^ny should read v ziry. On 
k 205 an Angstrom unit is tacitly but incorrectly assumed to be xo'^i cms. 
But ho serious error was detecteo, and the reader is not likely to be misled 
by such errors as were noticed* 

H. S* J. 


CUMir fWcUh By W. Peddxe, D.Sc., Harris Professor of Fl^sics, University 
^llegu^ Dundee. [Pp* xii -f 208.] (London: Arnold Sc Co., 2922. 
t2$, 6d.} 

a bode as this of Prof. Beddie's has long been needed. It gives ter 
in English what may be termed a n^stematic account m the 
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generaUsad Hebxiholtz thoory of colour viiiou* Ab compared 'iHth tiba 
chapters on colour vision in the PhysialogitckB OpHh the stotement hete ia 
better arranged and is modified somewhat to meet the work that has been 
done since Helmholtz's time. The author has also extended Hdmholtt^s 
work successfully in several directions, but with unusual modesty makes 
no reference to his own work. 

The elementary textbooks on physics usually assert, that according to 
Helmholtz there are three primary colour sensations, and that the colour* 
blind fall into definite classes, red bUnd, green blind, etc. Prof. Peddie 
points out that the second of these statenxents is not essential to the theory. 
%e latter (p. 29) consists (x) in the recognition that all colours can be 
compounded of three definite and independent colours, and (2) in the recogni* 
tion that this fact implies further the coexistence in the j^rceiving organ 
of three independent and mutually non-interfering activities." The step 
(I) is universally accepted ; (2) has been a source of controversy for years, 
and the revievrer is of the opinion that Helmholtz's mathematical treatment' 
does not require so narrow a basis as it affords. 

The application of Fechner's law, with all that it entails, is probably the 
most interesting and useful portion of the book, and will come as a novelty 
to nearly all the readers. But it ought to have been stated that the method 
of determining the fundamental sensations referred to on p. 133 led to 
results very Cerent from Kdnig and Dieterici's and Abney's generally 
accepted v^ues. R. A* H. 

The Stniotare of Atoms* By Prof. Alfred Stock, University of BerUn* 
Translated from the and Gexman Edition by S. Sucdbn, M.Sc., A.R.C.Sc., 
A.LC. {Pp. viii 4* 88, with 18 diagrams.] (London: Methuen A Co., 
Ltd., 1923. Price 6s. net.) 

This small but well-written book is primarily intended for the benefit of 
students of chemistry, and to all such whom the demands of specialised study 
or research have hindered from keeping in touch with recent far-reaching 
advances in physics we can heartily recommend it. It presents in book* 
form the substances of a series of lectures on " Ultrastrukturchemie," and 
practically is a brief account, without mathematical details, of the con* 
tributions of pure physics to the essential problem of chemistry, atomic and 
molecular structure. 

The contributions of various branches of physics are considered in turn, 
optics, electricity, radio-activity and crystal-structure, and though the scope 
of the book forbids more than a rapid review, yet sufficient is said to put tne 
harassed chemist, so frequently forgetful of his debt to physics, in the way 
of what has lately been done in a subject which has almost adopted atomic 
and molecular theory wholesale. The translation is good, and the treatment 
is fair in that it indicates the most promising lines of development of the 
theory without unduly emphasising any aspect by extending it into realms 
where the evidence or argument is as yet conflicting. We have only one 
fault to find, and that is that the author has perhaps a tendency to be a littib 
forgetful of the part played by the English-speaking races in the developnieiit 
of atomic theory. But probably this attitude is only subconscious, thOtt|^ 
it is particularly noticeable in the section on Crystal-structure. 

Many of the remarks on crystal-structure, such as, in refmring to the Brafge 
method, " This method is not, however, suitable for complicated crystalil/’ 
need modification in the light of results which have been published in this 
country since the book was written. But such defects are inseparable fixan 
any scientific work in this age of rapid progress. 

The book is not calculate to afiord muw profit to advanced studmits at 
physics. But it is very suitable as a non-technical supplmiient to moia 
specialised works on kindred branches of sdence, W. T. 
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JUtvwMd LAontm Pnetic^ iii SkcMoitf aad KigMlin. By £. M. 

XBKitY* Ph.D. [Pp. ix + 26 x , with 130 figures.] (New York and 
London: McGraw-Hill Book Co.. Price 155. net.) 

Dr. Tbrry'8 book is designed to meet the practical requirements of students 
of electricity in the more advanced stag^ of their course. It provides 
for a systematic series of experiments of a very up-to-date character and 
contains, in addition to useful practical hints, a great deal of explanatory 
theoreti(^ matter. The material dealt with falls naturally into tmee main 
divisions, (a) steady current (non-inductive) work, (5) variable current 
(inductive) work, and (c) what must, for the l^k of a better term, be called 
'* the modem physics.** 

The first division deals with the measurement of simple electrical quan¬ 
tities, Resistance, Current, E.M.F., etc. It is true that one is inclined to 
regret the omission of some weU-established experiments, such as the 
calibration of a bridge wire, the absolute determination of a capacity with 
a baUistic galvanometer and electro-chemical measurements—the more, 
indeed, on account of their instructional value than for their intrinsic merits. 
The introductory chapters on units and on instruments will be found speed- 
ally useful. That part of the book which deals with alternating currents 
and alternating-current bridge methods is probably its most valuable 
section. Chapter x might perhaps have been omitted, since it contains 
such matter as is exhaustively discussed in the standard theoretical works, 
but chapters xi and xii will pay for careful study, and the experiments 
suggested will be welcomed by those who have spent much time and more 
patience on the old-fashioned direct-current bridge methods for the mea¬ 
surement of inductive constants. 

Discharge through gases. Radioactivity, Valve work and Isometry 
form the third section of the work. Discharge through gases is a subject 
some difficulty in laboratory application for the generdi student, involv¬ 
ing, as it does, fairly good glass-blowing technique and a considerable amount 
of time. The author has done well to limit himself to a few well-chosen 
experiments, but even then probably experiment 32 will be within the capa- 
ti^ies of but few. It is a pity that more precise experiments on radib- 
activity, such, for example, as the range of a a and the absorption of 
have not found a place in this otherwise comprehensive work. The letter¬ 
press is very good, and the diagrams and numerous illustrations excellent. 
Many teachers will doubtless envy Dr. Terry his laboratory equipment, 
hot will surely find consolation in the knowledge that the improvisation 
of apparatus is not the least valuable part of a student's training, 

R. C. Richards. 


La KoKools. EtniUbras et BAaotions CihliiilaiieB. Las Bdiftoas nifilao- 
Cbimlanas. Tome II. Par Dr. Achalme. [Pp. 232, with 249 
figures.] (Paris: Payot et Cle, 1922. Price 15 in.) 

Tiix author applies his views of the structure of the atom (SciSKcx Proqrsss, 
Z9aa, 157) to the formulation of chemical compounds, to electrolysis in 
aqueous solution, and to the Idnetscs of chemical change. 

The dynamic theories of the atom, developed largely to explain phenomena 
met with hi radio-activity and spectroscopy, lack that simplicity which is 
SO essentiid in dealing with Chemical moblems. Although at present many 
difficulties lie in the way of their appUcation to the formulation of chemical 
molecules, it must be recognised that they have been extraordinarily successful 
in their l^ted field. One is thus unable to agree with the violent and polem¬ 
ical ottkfk made by the author of this book on the planetary atom of tha 
mathematical phydbist. Neither is any useful purpose served in putting 
forward a non-nuclear theory of atomic structure wmeh ignores the work of 
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Rutherford and tus collaborators* imless it can be shown that (hk tlieorjr 
possesses marked advantages in correlating hitherto unclassified phenomena. 

The acceptance of the structure of the carbon atom put forward by the 
author, according to which the four valencies lie in one plane, would ne¬ 
cessitate a return to a view of carbon compounds which has long been dis¬ 
carded by organic chemists. The van't Hofi tetrahedral arrangement of 
the carbon valencies in space was a fundamental advance on which the whole 
of modem organic chemistry is based. None of the applications of this fan¬ 
tastic theory of the atom to chemical processes appears to warrant its insinua¬ 
tion into a series of volumes purporting to give a rational interpretation of 
all chemical and biological phenomena. 

W. K. G. 


OXSMI8TBY 

A Dictionary of Applied Chemistry. Edited by Sir Edward Thorpe, C.B., 
LL.D., F.R.S. Vol. IV. revised and enlarged edition. (L to Oxydisilin.) 
[Pp. viii -f- 740, with illustrations.] (London: Longmans, Green A Co., 
1922. Price 60s. net.) 

Wi TH the issue of tlie present fourth volume the new edition of the Dictionary 
of Applied Chemistry is approaching completion, and the increase in the 
number of volumes required to cover our present-day knowledge of the 
subject is alike a tribute to the thoroughness with which it is treated and to 
the ever-growing importance of chemical science and practice. 

Generally speaking, the book follows on the lines of the previous edition 
and calls for no special comment* The now classical article on Naphthalene 
by Prof. Wynne has been revised and expanded so that it occupies 106 
pages, thus constituting a veritable treasure chest of information on this 
important substance ; ftof. Partington's excellent summary of the present 
Nitrogen Fixation situation, occupying thirty-seven pages, gives a good 
picture of the state of development of the industry, and Dr. Rosenhain'a 
careful account of the subject of Metallography succeeds in compressmg 
much valuable information within the limited scope of twenty-three pages. 
On less important matters Dr. Whitely's short r6sum6 of the literature and 
properties of malonic acid and its derivatives should be of great value to 
many research workers. 

The only adverse comments that may be made are, firstly, the lack of 
cross-references between articles ; for instance, in Dr. Hart's article on the 
manufacture of nitric acid, the S3mthetic production from ammonia is merely 
touched on (pp. 567-8) and the reader is referred to other sources of infor¬ 
mation for details as to cost, e£&ciency etc., which can, as a matter 
of fact, be found some thirty pages later under the heading of '* Nitrogen, 
Atmospheric. Utilisation of." 

Se^ndly, the value of the work is greatly reduced by the complete absence 
of an index such as is found in foreign encyclopaedias. As an example the 
first heading in the book may be taken, namely " L-Acid. z-Naphthol<^- 
Sulphonic Acid." If one is duly familiar with the Dictionary, this may be 
taken to indicate that further det^ls may possibly be found under " Naphtha¬ 
lene." As already noted, Prof. Wynne^s article on this subjeqt is xo6 p9ijM 
long and unindexed in any way, so that, although the writer is fairly famdlw 
with these matters, it required several minutes' careful searching before ths 
right jparagraph could be found. 

It is much to be hoped that the editor and publishers will be aWe to se^ 
their way to issuing a complete index to the Dictionary when the last volums 
is published, as by so doing they will doable the value of the work. 

F«A*lt 
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Xht JBbmnli of Fvietfamd Dbtinattcm. By Claak Shovb 

ix and 205* with 41 diagrams.] (New York; McGraw-HlU Book 
Company; and London : 6 &uv6rie Street, 1922. Price X2s. 6 d, net.) 

AttHOUGH books with a similar scope have been published previously in 
France and Germany, this is the first volume to appear in English which 
deals with the application of the principles of the phase rule, and of frac¬ 
tional distillation to operations on the plant scale. It is intended mainly 
for engineers and plant operators, and the theoretical principles involved 
in fractionation have been explained briefly with this end in view. This 
summary, though necessarily somewhat disconnected, is a useful survey of 
the theoretical basis of fractionation. The continuous and discontinuous 
methods of fractionation are considered in the light of the methods of analysis 
due to W, K, Lewis, and a special case, the fractionation of water, and acetic 
acid are discussed in detail. The best ideas of chemical engineering are applied 
to the design of continuous and discontinuous stills, fractionating columns, 
condensers, and other accessories, and four industries are chosen as illustrative 
of the principles involved. Modem apparatus is discussed dealing with 
ammonia recovery, benzolised wash oil, methyl alcohol, and ethyl alcohol. 
At the end of the volume is given an appendix containing a large number 
of reference tables of data useful in the design of fractionating columns. This 
treatise should And a place in the libraries of all chemical engineers, and others 
interested in this branch of chemical technology. 

W. E. G. 

Ckdloid Chemistry of the Proteins. By Prof. Wolfgang Pauli. Trans¬ 
lated by P. C. L. Thorne. [Pp. xi and X40, with 27 diagrams and 
numerous tables.] (London: J. and A. Churchill, 19^2. Price 
8 s, 6d, net.) 

The sudden expansion of scientific knowledge of the proteins, which owed its 
ork^ to Emil Fischer, gave a broad idea of the constitution of the protein 
molecule, and the manner in which its component parts were coupled to¬ 
gether. With this gain established, however, further progress became very 
slow^ and it appeared that a detailed knowledge of the constitution of even 
the simplest protein was unattainable. Fortunately proteins are colloidal 
substances, and colloid chemists, among whom Prof. Pauli is one of the 
foremost, ^ve seized upon their colloidal properties to advance yet further 
our knowledge of their constitution and properties. 

In this small volume the author gives an account of the recent work on^ 
the physical chemistry of proteins, which is widely illustrated by numerous 
tables and diagrams. Owing to the amphoteric character of a protein, 
containing as it does free carboxyl, amino groups, etc., it may function as 
an anion in alkaline solution, or as a cation in acid solution. The author 
shows how the variations hi H* and OH' concentrations affect the degree of 
Ionisation of the salts formed, its behaviour in the electric field, the viscosity 
‘6f its solutions, and its ease of precipitation from aqueous solutions by other 
solvents. At the isoelectric point, the protein as a whole is neither poritively 
ttor negatively charged, and m general is less ionised, and hence is less viscous 
and possesses a lower osmotic pressure than under any other set of conditions. 
Kumerous physical methods are given of determining the isoelectric point of 
yvoteins. Light is thrown by means of physical measurements on the idles 
p^ysd by the terminal amino groups, and of the imino group of the peptide 
hd acid solutions, and the slow alterations in the state of the alkali 
promns with lapse of time. An account is given of some of the physical 
inwertles of the degnuiation products of proteins, and of changes in the 
aaebiiity of the protehi ions with alteration in the hydrogen-ion concentration. 
Portions of the book are not very easy to read owmg to a certain haziness of 
: thus on p. 41 the dissociation of OH^ and H* ions." On p. 1:22, 
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^TWt and second parac^aphSi a confusion has arisen in regard to the nseaninfl 
of the terms basic, neutral, and acidic salts. 

The book, which is provided with a good index, forms not only a valuable 
contribution to original knowledge, but is also a very useful summary of the 
facts of the colloid chemistry of the proteins. W. £. G. 

Hindbook of Cfhemioal Engineering. Donald M. Liddell, £ditor*in*Chlef. 
In two volumes. [Pp. 1008.] (New York : McGraw Hill Book Corn* 
pany ; and London : 6 Bouverie Street. Price £2,) 

In this handbook eighteen chapters are devoted to various phases of the 
problems confronting the chemist and chemical engineer in industry. 

The sciences of chemistry and engineering are now so specialised that 
an expert in one field cannot hope to be more than the merest tyro in another, 
and a book compiled by various contributors to serve both ends must 
necessarily prove somewhat unequal in thoroughness of treatment. In 
this respect the present volume is no exception. 

By far the best chapters in the book are those devoted to the problems 
of leaching, evaporation, thermometry, refractories, distillation, oxidation, 
and reduction, whilst a good deal of useful and accurate information has 
been presented in a very readable form in the chapters devoted to transpor¬ 
tation, refrigeration, catalysis, colloid chemistry, the radio-active elements, 
and the rare gases. 

It is a pity that such a small amount of space is devoted to the increasingly 
important subject of ore flotation in the chapter on concentration, whilst 
the article on high temperature production is rather too much compressed 
both in theoretical treatment and in engineering data to be of much practical 
utility. Other chapters include information on mixing and Imeading, 
power generation, crushing, grading, crystallisation, sampling, fermentation, 
electrochemistry, smelting, lutes and cements, the rare metals, whilst the 
last three sections are devoted to considerations such as construction, material, 
plant, design, and methods of flnancing. 

The typographical mistakes such as ** mediums ** for media " (p. 656), 
Kamsey " for “ Ramsay " (p. 916), are comparatively few in number, wl^t 
the same is true for the more serious errors in statement, e.g, (p. 933) ** rust 
is ferric hydroxide," FeCrO, for FcCr,Oi (p. 946). Certain sections, such as 
those dealing with the production of high temperature and with the various 
smelting operations, would be greatly enhanced in value if the various 
chemical equilibria involved and the influence of temperature on these 
equilibria, as well as examples of the now general plant thermal balance 
sheets, had been included. 

The elucidation of certain operating details develoi>ed by the rule of 
thumb process in the light of scientific knowledge could in some cases have 
been attempted by reference to some other section of the volume. Thus, 
for example, the significance of certain temperatures in the distillation of 
oil, with and without the addition of steam (p. 644), could be grasped much 
more readily by reference to the chapter on distillation where the theoreticid 
treatment of such a problem is dealt with in extenso» The practice of OS0 
flotation (p. 337) should likewise contain a cross-reference to the theory 
outlined on p. 785. 

For a book published in 1922 it is somewhat surprising to find that no 
satisfactory explanation can be advanced at the present time for the anoma¬ 
lous posirion of argon in the periodic table " (p. 913), although the existence 
of isotbpic lead is discussed on p. 860. 

Apart from these minor criticisms, the book on the whole serves a useful 
purpose; the printing is good and the semi-limp binding is extremely 
attractive. 

Emc K. Riobal 
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JhirthW ol Ofianlo Chimiitrjr. Dr. Ferdinand Hbnrick. I^Rnslated 
and enlarged from the revised fourth German edition of x^sx by 
Trbat B. Johnson and Dorothy A. Hahn. [Pp. xvi 4* 603.) 
(New York: John Wiley St Sons; London : Chapman St Hall, 1922. 
Price 30s. net.) 

Much has been said about national propaganda in the guise of scientific 
textbooks, but it is seldom one comes across so interesting an example as 
Ptof. Henrich’s book, which should bear the title of '* German Theories of 
Organic Chemistry.*' The original German book, of which the above is a 
translation, is at times almost amusing in its efiorts to i^ore the work of 
chemists outside Germany, and although it would be invidious perhaps to 
mention names, a glance through the author index will indicate to anyone 
acquainted with organic chemical research how unbalanced the book is. 
An interesting minor example of the author*s attitude of mind may be given. 
Talking of rules for substitution in the benzene ring Henrich says : ** Spater 
haben Brown und Gibson, sowie Armstrong und Vorlfinder Gesetzmassigkeiten 
formuliert. Nach letzteren soil m-Substitution eintreten, wenn das Element 
des vorhandenen Substituenten ungesfittigt, o, p-Substitution, wenn es 
ges&ttigt ist.** The rule of Crum Brown and Gibson is at least as serviceable 
as that of Vorl&nder and at least has the claim of priority. This is perhaps 
trivial, but it is typical, and is quoted in order to draw attention also tb a 
serious mia-translation in the American edition, ** vorhandenen Substituenten " 
being rendered as ** the entering group ** instead of ** the group already 
present,** with fatal results to the meaning of the passage. 

The translators have been sensible to the limitations of the book and 
have improved it to some extent by the addition of several new chapters 
incorporating the work of American chemists. Perhaps after it has been 
translated into several other languages a more balanced outlook will be 
achieved. Prof. Henrich, in the Preface to this edition, excuses himself by 
deploring the scarcity of foreign periodicals in Germany at the present time, 
but this hardly applies to work published before 1914. Beyond these limita¬ 
tions the book is a very useful one and makes stimulating reading for those 
interested in organic chemical research. Among the topics dealt with we, 
theories of valency, the constitution of benzene, tautomerism, application 
of physico-chemical principles to organic chemistry, the speculations of 
NeL hrne organic radicals, molecular rearrangements, and the basic properties 
of oxygen. The subjects are discussed clearly, and the evidence for and 
against the various theories is well presented. The student will perhaps be 
a little discouraged thereby, as with each theory the pros and cons are so 
delicately balanced that it seems impossible to draw any definite conclusion 
as to the relative correctness of the views put forward. For example, in 
the case of the Beckmann Change the impression is conveyed that Beck¬ 
mann's original suggestion that an exchange of radicals takes place is at least 
as satisfactory as any explanation of the mechanism which has as yet been 
put forward. This is cold comfort, as an interchange of radicals is rather a 
fenitAteinent of the experimental facts than an explanation of them. How¬ 
ever, a departure firom the didactic attitude towards chemical theories is more 
calculated to advance the science than otherwise. 


The book is well printed, the formulae clearly set out, and the literary style 
pleasant and easy to read. With due allowance for its one defect, it is 
cerbiiidy a book to be read by every serious student of organic chemistry. 

ttao&oar 


■nMtOn of tha Enai Biaara and o! tha Lowar Xbimaa. By Prof. J. W. 
Grsciory, D.Sc., F.R.S. [Pp. 68, with lo illustrationa.] (Colchester; 
Benhasn & Co. PHce as. 6 d. net.) 

Ik titis vmrk Prof. Gregory continues the theme of one of his earliest geological 
iavestigatioiis and presents his mature reflections on a subject whic^ as be 
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tftlls t» in the Introduction, first led hhn to the study of geology, Tlli 
iaterpretation of Essex rivers is peculiarly dilQSicult owing to the aim^ 
geological structure and low levels of the county ; the only stones availam 
to show the directions of the initial streams have been brought in from outside* 
The chief novelty in Prof. Gregory's treatment is the early dates assigned 
to the older gravels. Thus the Brentwood gravels are regard^ as probably 
Upper Eocene, and the Danbury gavels as Miocene. The Cainozoic history 
of the Essex rivers is rather compUcated. They began as north«weBtem and 
8outh>^astem tributaries of a primal Thames, which flowed north-east of its 
present course, along the axis of the Thames S3mcline. The north-western 
tributaries brought in the quartzite drift from the Midlands ; and at a later 
date the south-eastern and southern tributaries brought in the Lower Green¬ 
sand cherts from Kent. Further changes were brought about by the Pliocene 
subsidence of the Wealden area, which diverted tlie Thames to the south 
into its present course, and caused the Chelmer to extend south-east into the 
Crouch. By a still later change the Chelmer was forced to discharge into 
the Blackwater, and the Crouch was left as a beheaded estuary or fdhrde. 
This exposition of a difficult subject is remarkably easeful, and is much helped 
by ten clear maps and diagrams. 

G. W. T, 

Essentials for the Miorosoopio Determination of the Bocdi-fonninf Unarals 
and Books. By A. Johannsen. [Pp. 53, with tables, diagrams, etc.] 
(University of Chicago Press, 1922. !lMce $2.) 

This is a simplified laboratory manual containing practically all the data 
given in the writer's earlier work, DetermincUion of Rock forming Minerals, 
The minerals are tabulated first as opaque or transparent; the transparent 
minerals are then divided into two groups, isotropic or anisotropic; 
finally the anisotropic minerals are tabulated as colourless or coloured, 
pleochroic or non-pfeochroic, uniaxial or biaxial. This aflords a 8im|fie and 
easy method of running down the rock-forming minerals as seen m thin 
section. The discrimination is aided by a concise statement of the characters 
of each mineral in its appropriate place, and by the provision of excellent 
tabular presentations showing the position of each mineral in regard to 
refractive index and double refraction. There are supplementary sections 
on the determination of the felspars, and oi'the pyroxenes and amphiboles; 
the modes of occurrence of various mineral groups; a summary of peteo* 
graphic methods; and an outline of Johannsen's quantitative mineralogical 
classification of igneous rocks. We have found from actual use in the 
laboratory that the manual provides an excellent method for the quick 
determination of the commoner rock-forming minerals. 

G. W.T. 

XIEOUXJlirSOVB 

The Soybean. By CHARtxs V. Piper, M.S., D.S., and William J. Marsx, 
B.S.A. [:l^. XV + 329, with 83 figures.] (London : McGraw-HUt 
Publishing Company, 1923. Price 20s, net.) 

1h this volume the authors give an account of the soybean from both a|^- 
culti^l and commercial standpoints. The information given includes that 
obtained from experiments made at Agricultural Experimental Stations 
throughout the United States. Practical advice is given regarding suitabie 
climate, soil, manure, and treatment of the bean. authors consider thatt 
the importance of the soybean lies largely in th» fact that the eeeds can 
produced more cheaply than those of any other leguminous crop. A ptaaitig 
feature of the book is the large number of photographs of agriculture opera* 
tions showing special adaptations of farm implements desirable for fhg 
successful culture and harvesting of the soybean. 
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' At stwdt composition of the the soybean contains a large peroen- 
ttge of digestible protein and little or no carbohydrate. The high oil content 
irttAns the bean one of the most important sources of vegetable oiL The 
residual cake or meal is a valuable food for stock. One section of the book 
deals with the preparation of soybean dishes for human consumption. For 
many centuries the soybean has been a staple article of diet in China and 
Japan; its recent introduction into the United States and Europe has, how¬ 
ever. not 3ret resulted in its extensive use for food in these countries. 

The book contains much useful and interesting information upon an 
important subject, and should stimulate edorts to utilise far more fully thui 
hitherto the unique properties of the soybean. 

Dorothy M. Adkins* 

Oolonr and Methods ol Colour Beprodnotion* By L. C. Martin. D.Sc., 

Lecturer in the Optical Engineering Department. Imperial College of 
Science and Technology. South Kensington. With Chapters on 
Colour Printing and Colour Photography by Wm. Gamblb. F,R.P.S.. 
Editor of the Process Year Book, [Pp. xiv + 187. with 73 figures.] 
(London: Blackie & Son, 1923. Price 125. 6 d,) 

Trxs book, which is attractively produced with three colour plates, is of 
somewhat the ^ame scope and appeals to the same readers as Colour and Us 
Applications, by M. Luckiesh. published eight years ago. It opens with a 
description of the spectrum, hue and wave-length, passes on to colour mixing, 
primary colours, mixing of pigments, colour notation, where there is an 
account of Munsell's work, then deals with the energy distribution in the 
spectra of light sources and colouring materials. The second part treats 
of the eye and its reactions to light, photometry, instruments for colour 
measurement such as the colorimeter, tintometer, etc., colour vision and 
colour blindness. The last two chapters are on colour printing and colour 
photography. There is an appendix with a few tables, and a very good index. 

The book, consequently, is for the partial physicist rather than the 
amateur. He will hnd it up-to-date. fair, interesting, and as complete aa 
Its size will allow. It is also accurate. It is thus somewhat surprising that 
the author considers the Kdnig-Martens spectrophotometer economical of 
light (p. 26) and accurate (p. 38). The general opinion was that Kayser's 
condemnation of it (Spectroscopie, vol. iii) in his exhaustive account of spectro¬ 
photometry was thoroughly justified. The reviewer, who speaks from a 
considerable experience of both instruments, found it much inferior to the 
Hufner type under both these heads, though it is undoubtedly a neat little 
instrument. The adjustments of the double image prism and biprism have 
to be watched very carefully or the wave-length scale is thrown out. and 
these adjustments require a trained physicist. This was also the experience 
of a lea^g German chemical laboratory, where considerable work was done 
on ali^orpuon spectra. 

The above is. of course, a small point, were it not for the fact that, appeal¬ 
ing to tilie practical man as it does, the book may influence some in tl^ choice 
of an imtrument. 

Mr. Gamble states, in his last sentence, that it is difficult to conceive any 
radically new lines on which research in colour photography can proceed. 

this point there is wide agreement. But the fascination of the subject 
Is such that it will never lack workers. 

E. A.H. 

dl letonoe. By Gborgb Sampson. [Pp. vi +147.] (London, 
Methuen A Co. Price as. net.) 

Tula book if a selection of what may be called literary scientific extracts. 
It it weU eompiled* and covers a wide range of matter. There are thirteen 
It . 
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extracts in all* commencing with an appropriate diBconme to medical atn** 
dents by the Scottish scientific litterateur, Dr. John Brown. It is entitled 
•• With brains, and though delivered in Mid-Victorian times it con^ 
tains much advice that is sorely needed at the present time. 

The various extracts cover such widely different subjects as Earthworms, 
by Charles Darwin ; the influence of the imagination on the passions* by 
David Hume ; the moon, by Robert Ball; and others by Faraday, Huxley* 
Tyndall* and Wordsworth. Taken together, they form a very choice reader 
that should prove exceedingly valuable to teachers of science who wish as 
lar as possible, to widen the basis of their training and to lift their teaching 
out of the material plane. 

W. C. B. 

The Erdntion of Knowledge. By George Shann. [Pp. viii + xoo.] 
(London: Longmans, Green & Co., 1922. Price 4s. fid. net.) 

This racy little book may serve some purpose in giving the general reader 
an idea of certain views about the nature of knowledge and some of the 
methods by which it is built up. Mr. Shann’s theory of knowledge is any¬ 
thing but new. Anyone acquainted with either l^e pragmatist or the 
•* instrumental *’ view of truth or knowledge (which goes back to Lange* 
Nietzsche, and others, about the middle of the nineteenth century, if not 
earlier) or with behaviourist ’• psychology, did not require to have his 
attention called to this aspect of Imowledge now. Anyway, Mr. Shaun’s 
main point is this. The common view is that so-called Imowledge, in¬ 
cluding scientifle knowledge, must either conceive things as they actually 
are, or it is worthless. In reality, however, human knowledge is only part 
of our adaptation to our environment, and even the highest scientific know¬ 
ledge has grown from the need of the organism to forecast the consequences 
of its actions. So long as our knowledge serves this purpose it docs not 
matter how it is in fact related to the actual world. The view is illustrated 
by the following parable. Suppose a sheet of paper to be marked with 
dots belonging to a great number of superposed patterns whose original 
connecting lines have disappeared. A succession of these dots is found to 
lie approximately along a curve whose form is calculable, and when the 
curve is produced the succession of dots along it recurs in regular series. 
The calculated curve may not correspond with the original connecting lines* 
yet, if the patterns were recurrent, dots bdonging to them might continue 
indefinitely to lie along that curve. Now if the dots be taken to represent 
esqperiences, the curve may represent an hypothesis of recurrence, the series 
of dots first noticed representing the original observations which suggested 
the hypothesis, while the scries of dots lying along the produced curve re^ 
present the further observations verifying the hypothesis. The curve helps 
one to forecast ^e positions of the dots* even ii it throws no light on the 
original patterns. 

A. Wolf. 

Modem Microscopy. A Handbook lor Beginners and Students. By M. I* 
Cross and Martin J. Cole. Fifth Edition revised and reananged 
by Herbert F. Angus. [Pp. x + 315* with 12 plates and 144 text- 
figures.] (London: Bailliire* Tindall & Cox, X922* Price xor. fid. 
net.) 

This well-lmown book on the microscope and its uses has now reached its 
fifti^ edition, although it has been so thoroughly revised as to constitute, in 
fact* a new* and in many respects an improv^* handbook. Its purpose 
is clearly to provide the amateur rather than the professional with a geneml 
guide both as to the use of the microscope and to some pf its more important 
applications. The first portion on the use and construction of ffbe instre^ 
xnent itself is of general interest* and is so clearly and praCtioaUy dealt with 
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ttot It may be regarded as a useful addition to the literature of the subject. 
Hi# portion dealing with Elementaiy Optical Theory and its bearing in ^ac-> 
iiee is lucid and interesting, the diagrams are sufficiently well drawn, and 
only a few microscopes of particular design are figured. This is a feature 
to be commended, as some similar treatises depend largely on descriptions 
and illustrations from makers’ catalogues. The apparatus described and 
figured is confined to English manufacturers, in fact the four recognised 
English firms are the only ones mentioned in the preface. Some of the 
applications of tlie microscope are described by well-known workers in 
pardcular branches. Whether this method of dealing with such diverse 
subjects is desirable, or in the best interests of the reader, is open to ques¬ 
tion. The result is that this part of the book really consists of a series of 
essays; most of them are interesting, but from the limitations imposed are 
not of necessity sufficiently thorough to constitute a guide for the serious 
worker. The book is well produced, and has a number of good photomicro¬ 
graphs illustrating particular branches of work. 

J. E. B. 

CfoOeoted Papers on Aooustios. By Wallace Clement Sabine, late Hollis 
Professor of Mathematics and Natural Philosophy in Harvard University. 
[Pp. ix 4“ 279, with plates and illustrations.] (Cambridge: Harvaid 
University I^ess. London: Humphrey Milford, 1922. Price 27s. net.) 

The Harvard University Press has done a signal public service in collecting 
and publishing the original papers on acoustics of the late Profesor Wallace 
C. Sabine. These papers, scattered as they are through various American 
journals, have in the past been difficult of access, but they are now available 
in a single volume which it is a pleasure to handle. The type, the paper, 
tlie format and the illustrations are all excellent, and the price of seventeen 
sbiliings compares more than favourably with that of other volumes of similair 
sis# published to-day. 

It is fitting that these papers should be so collected, for they form the 
most important contribution from any one pen to our knowledge of the 
subject of architectural acoustics, and subsequent work by other experi¬ 
menters has confirmed the conclusions reached by Sabine. 

The value of the collection is much enhanced by the severity of the 
criticism that Professor Sabine always applied to his own productions. This 
has resulted in the loss to the public of much of his work which he considered 
incomplete, but it gives the more confidence in accepting as sound whatever 
he considered worthy of publication. 

The researches were undertaken in the first instance not from choice 
but at the request of the Corporation of the University of Harvard for 
information thirt: would enable them to remedy acoustical defects in the 
lecture-room of the Fogg Art Museum, a building that had just been completed. 
Throughout his investigations Sabine was never content to rely merely on 
theoretical relations and his work was always carried out in coxuiultation 
with architects, so that it is work not only of academic interest, but essentially 
ipractical. 

The first set of experiments occupied five years, and dealt mainly with 
the problem of reverberation for a single note. A second series extended this 
investigation to notes of the whole musical scale and also dealt with the 
accuracy of mtisical taste. Later experiments devised a method of calculation 
in advance of construction in which actual sound waves were photographed 
at they traversed a small model of an auditorium. In this way objectionable 
tfibets could be predicted and avoided. 

Beferences occur in the text to papers to be published but which never 
ttttfi to have been written. This is the more regrettable in that one of these 
pkptTBp mentiosied on p. 31, would have dealt with the efiect of the location 



i 64 science progress 

of absorbent materials in respect to the initial distribution of the sound and 
to discrete echoes, an aspect of the question which is most important but on 
which Sabine's papers contain little or no information. That he had the 
information himself is not doubted. 

It is most important at present to expound the results of past investigationa 
in a way that will appeal to members of the architectural profession. Thia 
volume, as is inevitable to some extent with a collection of separate papers^ 
does not contribute largely to that end. There is a good deal of repetition 
in it, and there are occasional contradictions which require but have not 
received editorial annotation ; in one case numbers, erroneous in the original 
paper, have been altered without comment. It is to be hoped that these 
defects will be eliminated from any subsequent edition. 

G. A. SUTHBRLAND« 

Life Oontinganoief. By E. F. Spurgeon, F.I.A. [Pp. xxvi 4 * 477, with 
tables.] (London: C. & E. La3^on, 1922. By the authority and on 
behadf of the Institute of Actuaries.) 

Part II of the Textbook of the Institute of Actuaries, dealing with the 
Theory of Life Contingencies, was first issued in 1887. The inevitable changes 
in the course prescribed by the Institute since that time have brought the 
Council to the necessity for the rearrangement of the Textbook. The 
present volume has, therefore, been preparSi to meet, with other textbooks, 
the needs of the present-day student of Actuarial Science. This book deals 
only with that part of the theory relating to Life Contingencies, and contains 
throughout illustrative examples. 

£. C. Rhodes. 

The Bhythm of Speech. By William Thomson, B.A., D.Litt. [Pp. 552.] 
(Glasgow: Maclehose, Jackson & Co. Price £s 55.) 

With characteristic point and lucidity Dr. Thomson's preface states the 
scope and purpose of his work, and its larger aims. His subject—^the 
Nature and Laws of speech-rhythm in verse and prose—is, if not altogether 
an undiscovered country, at least one which is full of almost unexplored 
territory whence the adventurous have returned with spoils that puzzle 
curiosity, and furnish the experts with subjects for acute controversy. In 
this case the expert is also the pioneer and explorer. A considerable part 
of the book is therefore devoted to the destructive criticism of theories 
and methods which Dr. Thomson finds erroneous in principle or in detail. 
The ordinary reader is likely to be surprised when he discovers from this 
work how extensive is the literature of the subject, how much time, patience^ 
and ingenuity have been devoted to it, and how meagre and unsatisfactory 
the results have often been. But Dr. Thomson is not content with merely 
correcting the errors of other pioneers, ancient and modem, or with erasing 
from the map their false orientations and unverifiable discoveries; he 
furnishes a new chart and a new guide; also he brings back some p;enuine 
and highly important products from his twenty-five years of voyagmg and 
residence in the Land of Rhythm. 

His method throughout is thoroughly scientific. He takes the con¬ 
crete facts of living speech, as they present themselves to the attentive 
listener; he then applies the ordinary processes of close observation, careful 
induction from examples, deliberate experiment, and verification by repeti¬ 
tion of the experiment by others. His results, therefore, may rightly claim 
to be scientific, more especially as he has been able to formulate ^m as 
laws of universal validity within their range, and as he has provided a con¬ 
sistent, simple, and practically useful notation in which the sut^ect-matter 
may be duly and permanently recorded. His work is, therefore, a vahiabis 
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MiriMtmtion to modom .Sstbetic, for his material is language, and in Croce's 
Mfds, Nothing exists outside iEsthetic, which gives knowledge of the 
nature of lanraage." 

It is no light and easy task which the author has set himself. Even 
the definitions demanded by the most elementary discussion of the subject 
have in the past been obscure, or vague, or dominated by preconceptions 
and irrelevant considerations. Whether he agree with him or not, the reader 
of Dr. Thomson's book cannot complain as regards this fundamental require¬ 
ment of scientific writing. The terms used are strictly, adequately, and 
clearly defined, and, in so far as one can discover, they are used with abso¬ 
lute consistency. This is a great, and perhaps unusual, virtue in a work 
dealing with so subtle and variable a thing as the actual speech of living 
men. Without certainty as to what is to be taken as the meaning of such 
terms as rhythm, accent, quantity, syllable, measure, time, stress, and many 
more, it is plain and obvious that no anai3rsis can give any real knowledge 
of rhythmical structure, and that we must always fall tock upon these 
in every case of difficulty or doubt. 

Dr. Thomson's definition of Rhythm is therefore of prime importance 
for his whole book. If he can secure general agreement with it, if it is 
accepted as adequate and exact, it will ^ difficult to resist the conclusions 
based upon it; for his reasoning is closely logical, and his examples carry 
conviction to every unprejudiced mind. He accordingly devotes his first 
chapter to a discussion of the “ Nature of Rhythm in Sounds." He restricts 
his discussion naturally to sound-rh5rthm, although he is cvidentlv aware 
that rhythm is one of the essential facts of nature and perhaps the most 
universal fact. The interesting distinction between organic rhythms and 
inorganic rh)rthms takes him into the province of Psychology, and supplies 
him with another limitation: his rhythms are human rhythms, organic 
rhythms, they are inevitably supplied by ourselves if we listen to a series 
of like sounds produced with a certain ascertainable rapidity. In them¬ 
selves such a series may be called rhythmical, for each is a wave with a 
definite wave-length, but the important point is that we cannot hear such 
a series without superimposing upon it from our own mental activity 
another kind of rh3rthm, which emphasises the crest of the wave at certain 
regular intervals: and thus we have accent and quantity and measure, 
the essentials of organic rhythm. Now this has been matter of observation 
from the days of the makers of folk-lore and of proverbs : witness " As the 
bell clinks the fool thinks," and " Turn again Whittington, Lord Mayor of 
London " ; but why it should be so is a question to which even Dr. Thom¬ 
son's thoroughness gives no definite answer. It is possible that the answer 
might be found in the subconscious influence of the two great vital rhythms, 
that of the heart-beat and that of the respiration. We do not consciously, 
in health, hear either of these unless we attend to them, but their influence 
in rhythznising every other series of sounds consciously heard may neverthe¬ 
less be quite fundamentaL The second chapter goes into detail in regard 
to the definition of terms. It is both constructive and destructive, and 
ii tlm definitions and theories attacked survive the assault, it will not be 
because their assailant lacks either weapons or courage. The list of authors 
deidt with in the appendix to this chapter, and the very pointed criticisms 
contained in it, justify this remark. It may suffice in this connection to 
•ay that the list includes not only Saintsbuiy and Quintilian, but several 
.names almost as famous, and that in the criticism such phrases occur as 
these: "The thought is loose, obscure, and charged with error"; " The 
student will be able to join the great band of disciples rounded in by such 
tissues of jargon "; " As thought it is sheer muddle." But Dr. Thomson 
is not always tilting at the windmills of the prosodists. He is more fre- 
qpiently engaged in the peaceful work of giving students of literature, and 
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especially of verse, a aeries of well-founded pxinciplea by the use of wbidi 
tlu»y can very greatly enhance their knowledge of the structure of poetryi 
and therefore their enjoyment of it. For he teaches the indispensable fadb 
regarding poetical form, and form is of the very essence of poety. He would 
probably agree with those who find that the distinction between poetry and 
prose cannot be justified save in that of art and science. is the 

languaM of sentiment, prose of the intellect.'* Prose/' says Dr. T^mson, 
remains the fit vehicle for the fact and the commonplace, and the intona¬ 
tions of the voice accord with this mental attitude, whereas poetry lends 
itself to the expression of the subjective and the emotions, including tones 
that of themselves suggest this withdrawal in spirit to a higher atmosphere.'* 
He might even, like Vico, identify language and poetry in their orig^ and 
early history. 

Technically the core of the book, apart from Chapter III, which consists 
of instruction in the Training of the Rh3rthmical Faculty, is to be found in 
Chapters IV to VII, and of these the most important, original, and fimda- 
mental portion is Chapter VI, which formulates the twenty-five laws of 
8peech-rh3rtlim with elucidations. All that can be said here of this part 
of Dr. Thomson's work is that it may be judged (it probably will be) by two 
very difierent sets of people. For those who know nothing about speech- 
rhythms technically, but who have the time, patience, and necessary deli¬ 
cacy of ear to make the experiments and verify the laws by examples, the 
study will prove as fascinating as chess; for the experts these chapters may 
be exp^ted to form for long a field for the never-ending intellectual tourna¬ 
ments in which all investigations are liable to be involved, except those 
whose results can be weighed and measured, and photographed. 

The remaining five chapters are among the most interesting portions of 
the work. These chapters are frequently vivid and illuminating in a high 
degree, and no one can read them without feeling that Dr. Thomson has 
brought to his task the trained ability, the vast knowledge of literature and 
of languages, the keenly analytical qualities of intellect necessary for such 
a work, and that he has succeeded in making the dry bones of the skeleton 
of speech throb with the very pulses of life. They deal with Theories of 
Modem Verse ; with the Theory of Greek and Latin Verse, and with verse- 
rhythms in these languages; and they give some elal^rate rhythmicsl 
anal}^s on the larger scale, and a discussion of unsuspected Metres in 
English Poetry. 

John H. Muriiay. 
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of Petrograd. Authorised English Version based on the German 
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F.Z.S., M.B.O.U., Member of the Biological Society of Washington, 
Member of the American Society of Mammalogists, etc. London: 
George Routledge & Sons; New York; E. P. Dutton & Co., 1923. 
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RECENT ADVANCES IN SCIENCE 


rats XAXXSStASZCW. By F. Purysk Wbitb, M.A.. St. Jofan'R 

College, Cambridge. 

History. —G. A. Miller (School Science and Maihemaiics, 29, 
tga$, 138-49) prints a third list of marginal notes on Cajori's 
History of Mathematics. 

In his Presidential Address to the Mathematical Association 
Sir Thomas Heath (Math. Gazette, 11, 1923, 248-59) gave an 
accoimt of the evolution of the in^itesimal calculus in Greek 
geometry, pointing out that in the works of Archimedes there 
are six cases where the investigation gives the equivalent to 
an integration. 

Almbra, Groups, and Theory of Numbers .—Sir Thomas 
Muir (Proc. Roy. Soc. Edin., 48 , 1923, 127-48) gives an anno¬ 
tated list of nearly fifty papers dealing with the thewy of 
'Alternants in the period 1896-1917. 

P. A. MacMahon (Proc. Camb. Phil. Soc., 81 , 1923, 376-90) 
develops the algebra of symmetric functions; particular 
applications have been made by the same author (Quarterly 
Journal, 48 , 1920,. 1-35) to American Tournaments and to 
Chess Tournaments 353-84). 

In a Presidential Address delivered before the American 
Mathematical Association G. A. Miller (Amer. Math. MontUy, 
88 , 1922, 319-28) discusses " Contradictions in the Literature 
of Group Theory,” calling attention to the fact that in group 
theory we employ two extreme definitions of what is meant 
by the same group. According to one of these a characteristic 
operattsr must correspond to itself in every possible auto- 
ihtapl^m of the group, but according to the other this is not 
the case. In the case of non-re||ular substitution groups of 
cmder there are three definitions of what is meant by the 
same group. Hie third, which is the oldest and goes back to 
{1845), states that it is necessary and sufficient that 
^4^ he transformed into the other bv means of some sub- 
The first definitioa adds to this the condition that 

..■''/'.■If ’ 
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the two suhstitutioB groups in question shall, be regtdir| lUMi 
therefore implies that a simple isomorphism can be estaUariMI 
between their substitutions or operators. The second de&dtioil 
implies that two groups are the same if. and only if, they invidva 
the same substitutions or operators irrespective of their arraa^* 
ment within the group. 

Details of the proof sketched by L. J. Mordell (Sciencx 
Progress, 18 , 19^3, 54) of the theorem that the equation 
sy* -■ oac* + 6** + c» + d has only a finite number of integer 
solutions, if the right-hand side has no squared factors in x, 
have now been published (Proc. L,M.S., KL, 1933, 415-19). 

H. W. Richmond (Proc. L.M.S., 81 , 1923, 401-9) gives an 
account of the analo^e of Waring’s problem for rational 
numbers, the possibility of the expression of any rational 
number as the sum of squares or cubes of rational numbers. 

In a fifth memoir under the general heading “ Some Problems 
of Diophantine Approximation,” G. H. Hardy and J. E. 
Littlewood (Camb. Phil. Soc. Trans., 82 , 1923, 519-34) investi¬ 
gate the anal}rtic properties of Certain Dirichlet’s series which 
are intimately bound up with the problem of the distribution 
of the numbers n 0 to modulus i. 

L. J. Mordell (Proc. L.M.S., 81 , 1923, 493-45) has a note 
on trigonometric series involving algebraic numbers, related 
to a paper by C. L. Siegel (G 6 tt. Nach., 1922, 17-24), in which 
the latter proves Minkowski's theorem that the discriminant 
of an algebraic field is greater than unity for the particular 
case of a totally real field. 

Hypercomplex numbers of the form a + be, where a, b 
are integers and - o, possess as a rule several factorisations 
into undecomposable numbers. L. E. Dickson (^U. Amtr. 
Math. Soc., 88, 1922, 438-42) shows that unique factorisation 
cannot be restored by defining hypercomplex ideals analogous 
to algebraic ideals, nor by the introduction of any sort of 
ideals obeying the laws of arithmetic. Similar results had 
been stated previously by Du Pasquier (CompUs Rmim 
Strasbourg, ^ 9 ^ 1 }, but without proof. 

Analysis .—If D denote the differential operator 4 {dx, two 
op^ators f(D), g(P) with constant coefficients are comnaittr 
tative, but two operators p(D), ir(D) with coefficients wkidi 
are functions of x are not, as a rule, commutative. IC^ 
generally, if P be any operator, the operators /(P), ^P) 9^ 
commutative. But it is not difficult to see tMt th^ 8)^ 
not the most general tvpes of commutative operaton.. J. tit 
)piurchnall and T. W. Chaundy (Proc. JLM.S., U, 1923,420-^) 
j^opose the problem of determining all commutative open^lfoni 
uduch are not reducible to a form /(R), g(R), whne S 14 aoinit' 
Unearoperator XD -f /a. They donot^solve the general 
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Iplylliey establish certain characteristic properties of aH 
ifioinvptttative operators, and obtain a complete solution, in 
^leiheis of h3rperelliptic functions, of the case in which one 
operator is quadratic. 

In 1906 £. Landau showed that the points of convergence 
or divergence of the factorial series 

F- * ^ 

r^)ix(x + 1)... (x+v—i) 

are the same as for the corresponding Dirichlet series 

with the same coefficients av, and, further, that the anal3rtic 
functions thereby represented are closely related. F. Nevan- 
linna {Ann. Ac. Set. Fennicee, A 18 , 19W, No. 3) extends these 
results to the more general series 




a. 


1 7; 




OQ 

F^Xa 

X 


JM 

T(*+^’ 


which reduce to the above when 7, - v. 

R. Nevanlinna {Math. Zs., 18 , 1922, 1-9) examines the 
properties of bounded functions with prescribed values at n 
given points of the boundary ; he shows that such a function 
exists, and only exists, if the given values satisfy n different 
inequalities. If the points are made to coincide he obtains 
necessary and sufficient conditions for the first zn coefficients 
of the Taylor development of a bounded function at a boundary 
point. In a related paper {Ann. Ac. Set. Fennicee, A 18 , 1^2, 
No. 5^ he examines what are the necessary and sufficient 
conditions for a sequence of real numbers Ci, c, ... c„ .. . 
8b that a function f{x) of the complex variable x » s -f 
may exist which fi) is regular for / > o and has an imaginary 
part which is not positive, and (2) is asymptotically repre¬ 
sented in the neighbourhood of tne point at infinity within 
the angle defined by «< arg x <ir —e for any positive «, 

hoover small, + ^ + * ^ + • ••• Moreover, when do 

they define a single function of this kind, and, if more than 
one function, what is the general expression ? He also develops 
the connection between tlus problem and thb Stieltjes moment 
tttnbkm, which, as stated by Hamburger, is as follows: 
are the necessary and sufficient conditions for the resd 
<«iTor a real increasing function it{u) to exist sw^ 

is equal to the moment (”"* ^ • •)# 

imxtgrals being taken in the Stieltjes sense ? NevanUnna 
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sliows^ in fact, that each function of the class considovd itMjr 

be repreMnted by a Stieltjes integral E («)/(«? - «), idM 

i^(m) is a solution of the moment problem. 

W. J. Mellin (Ann. Ac. Set. Fennicee, _A 18 , 1923 , No. 4) 
argues that this tneory. of asymptotic series is contained in 
the more general theory of reciprocal functions and integrals. 

Just as from Fourier's integral formula we obtain 
the reciprocal relations 

/(*) -• (2/ir)» I cos xuF{u)du, F(*)-(2/ir)i J cos xuf{u)du, 
connecting two functions f{x) and F{x), so from Hankel’s 
integral formula /(«) - 1 JJ{f4x)udu | Jj{ut)tf{i)dt, we have, 

writing *“*/(*) for /(«), /(*)>-[ {ux)*J,{ux)F{u)du and 

Jo 

F(*)— {ux)^J,(itx)f{u)du. Two functions connected by rela- 

•'o 

tions of this kind are said to be Hankel transforms each of 
the other; the theory of such is developed by E. C. Titchmarsh 
{Proc. Camb. Phil. Soc., 81 , 1923, 463-73). 

G. H. Hardy (Proc. Camb. Phil. Soc., 81 , 1923, 492-503) 
gives a summary of a chapter of a manuscript notebook of 
l^manujan, dealing with the summation and transformation 
of the hypergeometric series. 

An analytic function of two complex variables is 

defined by Osgood as a function satisfying the following con* 
ditions: 


(A) For every value of sj it is an analytic function of Sg, 

and for every value of it is an analytic function 
of Zi. 

(B) It is bounded. 

The problem then arises whether condition fB) is not 
implicitly contained in (A); this does not seem to have be^ 
solved. W. H. Young (Proc. L.M.S., 81 , 1923, 44i-r55) shows 
that it is sufiicient to replace condition (B) by a wider one (B'), 
prescribing the existence of the double integral of the moduhis 
of the function taken round the boundary of a domain I)* 
inside the domain D for which (A) holds. 

S. Pollard (Proc. L.M.S., IKL, 1923, 456-82) pves a det^dled 
discussion of the conditions for Caucl^'s theorem, clattifyihg 
them undCT the heads (a) Conditions affecting the region itself j 
(b) Conditions ensuring a proper connection between the region 
and its boundary; and (c) A special condition to be satiw^d 
by the boundary. 
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•;v!»T. C^rleman {Proc, L.M.S., 81 , 1923, 483-9^) proves a 
^^lepiem concerning the average value of the kth power of 
il^ where /(x) is a summable function and s, is the 

Mon at the first v + i terms of its Fourier expansion. 

One of the important problems in the theory of linear 
diflbrential equations of tne second order with coefficients 
rational functions of the independent variable x is the deter¬ 
mination of those equations which have an algebraic solution, 
with possibly a factor (x — a), where X is irrational. Such 
solutions are the Lam^ polynomials—so called by Klein, who 
investigated them in his lectures on Differential Equations 
(see also a summary reprinted in his Collected fVorks, t. a, 
p. 587). The traditional mode of stating the problem is not 
to investigate a prescribed differential equation with regard 
to its integrability, but to determine the arbitrary parameter 
of a differential equation with given singular points and 
exponents (roots of the indicial equation^, so that the definite 
kind of integrability may arise. The differential equation is 
taken in a “ normal ’’ form, in which for each singular point 
one of the exponents is zero. Also one singular point may be 
transferred to infinity and the « — i finite singular points 


may be taken as real. They then define n — a intervals of 
the real axis, and among these we can distribute any k real 
points in (ife + « — 3) I /(« — 3) IA 1 ways. Then this is, in general, 
precisely the number of Lam^ polynomiak of denee k of the 
||;iven equation. All the Lam6 polynomials of degree k are, 
in fact, real, and equated to zero have only real roots lyinp; in 
the « — 2 intervals, and further are individually characterised 
^ the distribution of the roots among the n — 2 intervals. 
'IiiiS was first proved by Klein in 1881, for the case, arising 
in mathematical physics, in which the second exponent at ail 
the finite singular points is ± i (l.c., p. 512). In 1884 
Stieltjes showed (Acta Math., t. 6, p. 321) that the theorem 
is true as long as the second exponent of the finite singular 
Paints is less than unity. Stieltjes’ limit is a real one, 
since if one of the exponents is greater than 1 some of the 
Luni polynomials may become imaginary or have imaj^ary 
roots or agree with one another in the distribution of their real 
roots among the n — 2 intervals. In the recently published 
(1922) second volume of his Cotteded Works (p. 597) Klein 
luts added a discussion of the simple case of the h^er^ometric 
equation when the exponents exceed Stieltjes’ Emit. O. 
Haupt and £; Hilb (Matit. Ann,, 88 , 1923,130-46) invmti^ate 
ih a aisular way the case of a more {^neral differential equation. 

Geome^. —^D. JM. Y. Sommerville (Proc. Roy, Soc. Edin,, 
48 , 1923, 8j-ii6) investigates the various ways in wluch it 
is fiOBSiole to divide the plane into congruent triangles, and 
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spAce of three dimensions into con|;rueht tetrahe^i]^_% 
botaining his networks he makes no distinction between 
Enclidean, and hyperbolic space, and it is difficult to 
his results with those of P. A. MacMahon. 

J. P. Gabbatt {Proc. Camb. Phil. Soc., 81, 1923, 297~38i*) 
shows that some of the properties of circles associated with the 
triangle in a Euclidean plane, notably those relating to the 
TCdal line and circle, Feuerbach’s theorem, and the Wallace- 
Steiner properties of the quadrilateral, are special cases of 
polar properties of cubic loci and envelopes in a projective 
plane. 

An algebraic curve of order n is met by any straight line 


in n points, which may be real or imarinary ; this, of course, 
is a commonplace, but the question how many or how few 
may be real is more complicated. In 1902 Miss C. A. Scott 
introduced the notion of the index of a plane algebraic curve 


or of a circuit of such a curve (German Zug; see, for instance, 
Hilton, Plane Algebraic Curves, p. 366, for Harnack’s theorem 
that a curve of genus p can have at most p + i circuits). 
The index is the smallest number of real points in which the 
curve or the circuit can be met by any straight line. Miss 
^ott showed that there exist curves of every order n and of 


genus o or i with a circuit of index n — 2, and for genus i there 
may be also a simple oval (of index o). She also generalised 
this theorem as follows : For any order n curves of genus p 
exist which have a circuit of index n — 2q, where q is tne 
greatest integer in \{p + 6). The method of proof depends 
on Cremona transformations of the plane; the curves so 
found are the trigonal curves, having a linear series of grade 
3 and freedom i. This work' was followed up by P. Held, 
who, using the method of small variations of the constants 
of the curve, showed that for any order n algebraic curves 
without singular points exist which consist of one cirtuit of 
index n — 4. He also asserted, but only proved in special 
cases, that for every order n curves of genuS p(i — a) 

exist which consist of circuits the sum of whose indices is it ~ a, 


with possibly also a simple oval. J. v. S. Nagy {Math, Ann,* 
77, 1916, 416) extended the theory to space curves and ;^oi^ 
Field's theorem in a more precise form ; For any order n thiare 
exist plane curves of genus p{o^p^n — 2) consisting of jS 4-1 
circuits of indices tj, t, . . . ip'^^ iB^re the t’s are any positive 
integm whose sum is n 2, one of which may be zero. He 
also, introduced the term order of reality (or, sh<ntly, ordtr) 
for the greatest number of real points of a circuit lying upon a 
straight line, and showed that the OTder of a circuit of a pUuie 
or space curve of index-sum n — a exceeds the index liy 
Subsequent papers by H. Mohrmann {G6U, Nach., 1916,1^7; 
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■■ 0 flb»t 0 fSgliUr. MUneh., tgi6. aqt ; Math. Ann., 78, 1917* <7i) 
ipb with noit-^gtihratc curves of masmum iudeis. In « 
btjlier (Math. Ann., 88, 1923, 32-7$) Nagy returns to 
indbject, introducing the dual idea of class-index. He finds 
lii8!tg by means of a simple construction from a finite number of 
staMntary arcs lying wholly in a finite region, curves of maxio 
class-index can be obtained with the most different general 
properties. He is thus able to show that there are curves of 
maximum index of which the index is greater than the sum 
of the indices of its circuits, which contradicts one of Mohrmann’s 
theorems. 

A. B, Coble (Bull. Amer. Math, Soc., 28, 19^2, 329-64) 
gives an excellent account, with full references, of the theory 
of Qemona transformations and their applications to algebra, 
geometry, and modular functions. He points out that while 
the projective group, with projective geometry and the theoiy 
of algebraic forms, and the birational group, with algebraic 
geometry and algebraic functions, have been highly developed, 
yet for the group of Cremona transformations, lying betwwn 
these two domains, no distinctive geometry and no distinctive 
invariant theory have as yet been formulated. His aim is 
therefore to give a brief r6sum6 of achievement in this field 
along the somewhat scattered lines in which research has been 
pursued and to indicate problems that await solution. 

A paper of a somewhat similar kind has been published still 
more recently by G. A. Bliss (ibid., 89, 1923, 161-83) on the 
transformation of the singularities of a plane algebraic curve. 
There are two principal tneorems. The first, due to Noether 
/1871), is that any plane algebraic curve can be transformed 
into another with only ordinary singularities (i.e. multiple 
points with distinct tangents) by means of a sequence of 
quadratic transformations, i.0. by a Cremona transformation. 
The second, of which the origin seems uncertain, is that any 
plane algebraic curve can be transformed birationally into a 
plane curve whose only singularities are ordinary double points. 
Bliss discusses the various proofs, geometric^, arithmetical, 
and from function theory, of these two theorems, and advances 
i^veral criticisms, especially of the geometrical proofs of the 
second theorem, which eiimloy projection from higher space 
without, in his opinion, sufficient examination of the process. 
Hficker’s equations connecting the point and line singulari- 
of a plane algebraic curve do not contain in themselves 
any existenoe theorems, and there is no guarantee that a curve 
eifeists with characteristics corresponding to any solution in 
l^itive integers of the equations. In 1913 l.e£schetz showed 
there exist plane curves of any order and any number of 
iX'dihary double points up to the maximum, and that the 
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TOquirement of each additional double point impoMd aapaetilf 
dne new condition. He also obtained upper lunits Jeir 
number of cusps, but his results depend upon what am Oii^ 
the postulaU of singulariHos, t.«. he assumes that if we nM)Ui|Pe 
a curve to have an additional cusp we do not automatwajl^ 
impose upon it another cusp. J. L. Coolidge (Bull. Amtie* 
Math. Soc., 88, 1932, 451-5) re-examines this matter of cUi|ai 
following Lefschetz’s methods, and arrives at a more deRmte 
conclusion, incidentally proving his postulate. His resuH a 
that the maximum numt^r of cusps for a curve of odd order n 

_ 3 

and genus p, where «> 2j> + V8p + 9. is 2 [(» - 2) + 3/>] -1; 

while for a curve of even order n, where ft^2p + i + Vsp + i, 

the maximum number is |[(n - 2) + 3p]. There exist curves 

of order « and genus p having cusps in any number up to this 
maximum. 

C. G. F. James (Proc. Camb. Phil. Soc., 21 , 1933, 435-63) 
obtains formulae for the genus of the curve of intersection of 
two surfaces residual to a S3rstem of multiple curves with 
mutual intersections, and for the number of points of inter¬ 
section of three surfaces residual to such a system. Going 
on to space of four dimensions, he finds a formula for the f^nus 
of a curve which is the intersection of three varieties residual 
to a group of curves and surfaces in arbitrary position. 

There is, in general, no collineation which transforms a 
double-six of lines into itself; but there are special types of 
double-six which are invariant for some collineations. One 
such type was investigated by 6urnsi.de in 1912, who showed 
that associated with any five points in space there is a double- 
six which is invariant for every collineation wWch transforms 
the five-point into itself. E. Stenfors (Annales Ac. Sd, Ftnniea, 
A18, 1922, No. i) gives a complete investigation of all such 
special double-sixes. To this end he develops a new con¬ 
struction of the double-six, and gives new proofs of Schftflt's 
theorem that if five lines have a common transverse! the fiys 
other lines which meet four of them have also a common 
transversal, and of Schur’s theorem that conjugate lines of # 
double-six are reciprocal polars with regard to a quadric. Itt 
a subsequent paper (ibid., No. 7) he investigates the sirnilm 
problem for the complete configuration of 27 lines, without 
maldng use of the cubic surface on which they lie. The rOsidbi 
are in part the same as those obtained by K. Bobek in 185^ 
on cubic sinfaces invariant under collineations, but not entireQT# 
as the cubic surface may be real without all the 27 lines bdj|| 
real. It is this latter case that Stenfors considers. 
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An ^reducible qui^c surface with a twisted nodal curve 
must nfMssarily be ruled and rational. For the twisted curie 
must bf a cubic and the chord through any point of the surface 
hot lyi^g on the curve will meet the surface in five points and 
will therefore lie wholly upon it. The surface is, therefore, 
ruled,.and it is rational because the section by any plane is a 
quartiic curve with three double points. Since a rational 
ruled 'quartic surface is the line-geometry image of a rational 
quartic curve, and since such a ciu*ve must certainly lie in a 
four-dimensional space, it follows that any rational ruled 
quartic must belong to a linear complex, which may be general 
or special. Surfaces of the type considered have been the 
subject of several investigations, and brief summaries in 
English are to be found in Salmon {Solid, 1915 edition, t. 2, 
207) and Jessop (Line Complex, p. 78). Cayley (iSds-p) 
and Cremona (1868) distinguished two species, whose 
generators belong to a general linear complex, and /?., whose 
generators belong to a special linear complex. Clebscn (1870) 
defined such surfaces as the locus of the joins of corresponding 
iKunts of two projectively related conics, and proved them to 
be identical with the locus of those chords of a twisted cubic 
which belong to a linear complex, but he was of opinion that 
Ay is only an unessentially different special case of A|. As a 
matter of fact, /?| contains no irreducible conics, and thus 
eaaunot be obtained by Clebsch’s method | it is the locus of 
the joins of corresponding points of a straight line and a pro¬ 
jectively related twisted cubic. A new investigation, bringing 
out the essential points of difference between and A,, has 
recently been published by H. Mohrmann {Math. Ann., 80, 
*“30' He deals with the surfaces as projections of 
BOfmal quartic surfaces in space of five dimensions, but of 
Bermal surfaces of distinct types. Another method of investiga- 
tiran, employed by'Rohn (1887), is by means of the symmetrical 
f#, 2\ correspondence of points on the nodal curve arising from 
l9l« generators of the surface. Through any point P of the 
tuisted cubic pass two generators, meeting the curve again 
and R. Rohn did not, however, consider the special case 
in which the three points P, Q, R form an involution; it is 
case which gives rise to the surfaces A,. This was pointed 
by Sturm {Liniengeometrie, t. i, p. 56), who also examined 
fie case in which the [2, 3] correspondence split up into two 
iifll-involutory [i, i] correspondences. His methods being 
HMMely synthetic, he did not remark what Mohrmann shows 
f^ytically, that these two cases are not mutually exclusive, 
lilld that th^ is a variety of quartic surface generated by the 
Iliflui of corresponding points of a twisted cul»c whose gen«*atQrt 
to a special hnear complex. It can be obtained most 
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simply as the locm of those chords of the cubic >ineet 
t^ line of intersewion of any two different oscuiatin1| pLanesr 
If these planes are real, all the non>sin^ular real gener&ors are 
ideal chords of the cubic; if they are conjugate imjipwy, 
the chords meet the curve in two real points. The projectivity 
on the cubic is charactwised by the fact that the cross-ratio 
of a pair of corresponding points and the two fixed points m 
equal to an imaginary cube root of unity. 


AmXXS KATSBXAYZOt. By S. Brodstsky, M.A.. Pb.D.. 

etc., University, Leeds. 

The results of the eclipse expeditions of last September are 
now available, and they confirm the bending of rays of light that 
pass near the sun to an extent almost exactly as predicted by 
Einstein’s theory. This is important as establishing decisively 
the existence of the Einstein hght-bending, and Prof. CampbdQ 
considers that further expeditions for this purpose are now 
unnecessary. In a sense, therefore, we have reached a stage 
in the development of relativity theory where we can stop 
and take stock of the exact state of affairs. There can M 
no doubt now that in two important respects, namely as 
regards the perihelion of Mercury, and as regards the effect (if 
gravitating fields on light rays, Einstein’s theory has received 
abundant confirmation. The third test, in connection with 
the shift in the lines of the solar spectrum, has not yet led to 
a decisive result, the evidence for and against being at present 
something like fifty-fifty. 

A cautious student of mechanics must, it seems, ad(^ a 
view somewhat like the following. It has been established th$t 
the gravitational field of the sun does not follow Newteno^ 
law of gravitation with absolute exactness, and there is eveiQr 
reason to believe that Einstein’s law of gravitation, as given in 
his famous equations o, is a nearer approach to 
truth. Further, it has been proved that light rays are affeCibid 
by the gravitational field of the sun in such a wav as to suggtnt 
that the path of a ray of light is that of a particle with cerlMia 
initial conditions ” at infinity. It is therefore necesi^ 
so to modify our views of mechanics and optics as to xai&M 
them include these new discoveries. The applied mathematkil^ 
is not primarily interested in the exact properties of spaoiN^ 
he wants to explain the phenomena of dynamics, and to wsMt 
them up into a system based on as few fundamental ptinckiUs 
as possible. This should therefore be the next task bdWlWf 
us, namely, to introduce into our conoptions of dyhApki 
such changes as will take account logically of the new Jir 
coveries. 
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T*Tlfl|hfirP not be very difficult, and no doubt before vtty 
l(Wg all i^anced students of mechanics will be able to appreciate 
i^e fitopamental changes involved. That some thinkers do 
Iffid it w&cult to assimilate Einstein's interpretation is obvious 
from tb# somewhat heated discussion that is still going on about 
the sublet. J. Le Roux (Comptes Rendus, 176. 1922, 809-11) 
returns to the attack. His point is that Einstein's theory makes 
the field at any point depend upon four variables, three of space 
and one of time. The field cannot, therefore, depend on all the 
boffies present in the universe, and thus there cannot be such 
things as planetary perturbations. Le Roux puts it very 
loectacularly when he concludes that according to Einstein’s 
tneory the perihelion of Mercury moves through 42'*9 per 
century, instead of 531' as actually found. M. Brillouin 
(ibid., 923) gives the very obvious reply that Le Roux’s statement 
betrays a complete misunderstanding of the meaning of the 
!^stein theory of gravitation. But Le Roux is quite un- 
Siffected by this (ibid., 1 135-6). He writes again (ibid., 1395-7) 
claiming that Newton's laws of mechanics are not really an 
approximation to Einstein’s; he urges that so far only the 
ease of a single gravitating body has been found to give results 
very nearly the same in both theories, and prophesies that no 
sudn agreement will be found to exist for the field due to several 
gravitating bodies. 

Serious doubts as to whether gravitation can be absorbed 
into a frame of space and time are raised by J. Larmor (Proc. 
Cmtb. Phil. Soc., xxi, 1923,414-20), who seems to be influenced 
by some of the arguments of Le Roux. A rather novel view is 
mtpressed by L. L^combe (Comptts Rendus, 175. 1922, 1194-6). 
He explains the motion of the perihelion of Mercuiy on the 
assumption that gravitation is electrical in origin, and finds 
that the result given by observation is obtained if it is assumed 
fibat the dielectric constant of Mercury is 2-4. Another novel 
view in connection with relativity is given by E. M. L^meray 
(ibid., 9i'*4,261-3), who suggests that the apparent form of the 
Mitky Way is due to light bending in gravitational fields. He 
4^nks that the universe of stars is really spherical, but that, 
awing to light-bending, any observer sees the universe in the 
lonn of a flattened system. It need hardly be mentioned that 
fjbmearBy is an enthusiastic adherent of the relativity view— 
btt sbotvs this particularly in a recent book, Vtthtr aOuel «t s$s 
Mttddmmrs (Paris, 1922). 

One of the basic ideas of relativity is that the ordinary 
I^ISM^I notion of simultaneity is untenable, that in fact there 
be such h thing as simultandty except for observers 
mbm. to the same frame of referimee. £. H. Synge (PkU. 
mmUkt (6), 48. 19S2, 528-31) claims that the notion ot sunul- 
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taneity is involved in the generalised co-ordinate used 

in relativity. ? 

Some interesting points on relativity are raise^hy 
Brillouin {Compies Rtndus, 178> 1923, 1009-ia). T|e 
one is this; In a static field symmetrical round a poinl let tha 
part of ds* due to the space be Sj (R)dR* + S,(R) 
when St, S, are functions of the radius vector only. Delpe the 
ratio of the circumference to diameter at any point ||l aa 

H = auVSi/aj VSidR. This varies with R, being of course ir hi 

empty space far removed from all gravitating matter. A 
material point is where 17 becomes infinite, and the mass of this 
point-mass is 1/4? times the circumference of the point-sphere 
round it. In this way Brillouin defines a point-mass in 
Einstein’s theory, and he goes on to say that the field round 
such a point-mass is not the same as that round a sphere of 
finite density. 

Applied mathematicians should also find the following 
papers interesting: 

Ogura, K., '* Sur le champ do gravitation dans I’espace vide,*’ Tikcikm 
Maih. Jour., 28 , 1922, 14-37. 

MuitNAGHAN, F. D., “ On the Derivation of S3rnunetiical GravitationalFleUa,'** 
Phil. Mag., (6), 48 ,1922, ip-Si* 

Mornaghan, F. D., *' The Deflexion of a Ray of light in the Solar Gravitn* 
tional Field," ibid., 380-8, where the author derives the valm of tiia 
deflexion without using optical theorems that are proved only lor 
Euclidean space. 

Jkprbry, G. 6., *' The Identical Relations in Einstein's Theory," iM#.. 

600-3, giving a short moof of these identities. 

Eddington, A. S., " The nopagation of Gravitational Waves," Proe. Spf. 
Soc., A, 102 , 1922, 268-82. 

Eddington, A. S., " On the Significance of Einstein's Gravitational Equatto^a 
in Terms of the Curvature of the World," Phil. Mag., ( 6 ), 48 , 192^. 

174-7. 

Dibnxs. P., " Sur le diplacement de tenseurs," Comptos Rendut, 178 , 19*4 
209-11, 

Cartan, E., *' Sur un thiorime fondamental de M, H. Weyl dans la thfioria 
de I'espace mitrique," iMd., 82-3. 

Caupbbll, J. E., " On a Class of Surfaces in Euclidean Space which gsnerdlh 
an Expression for the Space-time Interval in Einstein's Geometry of tl 
Particular Form," Proe. Land. Math. Soe., (2), 81 « 1922, 317-24. 

On the nature of gravitation several opinions of interest 
to be recorded. Thus A. S. Eddington {Astr. Jour., ipsa* 
71-2} thinks that the confirmation of Majorana’s results qu 
the absoi-ption of gravitation would act as a support td 
Principle of Equivalence—^but he has other misgivingfit Si^ 
as that Majorana’s results would make a perpetual 
machinfi possible. Of particular interest is the brief npte 
P. E. Shaw and N. Davy (Proe. Roy. Soc., A, 108,1932, 4^7), 
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1^ to reccMrded the result of further eiqteriments on the 
on gravitation. New experiments ranging 
lirtott b^ lo 350” C. show that the positive results announced by 
Sww in 1916 have to be rejected. There is no real evidence 
a temperature effect and the matter can now be dropped. 
A !fliither negative result is mentioned by O. W. Richardson 
thdS* Simons {Phil. Mag., (6), 48,1 923, 138-45). Experiments 
toePB carried out based on the idea that gravitation is due to 
modifications of the law of force between positive and 
iMgarive electrons, and no results were obtained. Richardson 
considers this failure as tending to confirm Einstein’s theory 
of mvitation. 

TOe reader should also refer to the followine papers dealing 
with problems involving the theory of potential: 

Hos^ntr, P.. '* Sur les surfaces de Poincar 6 ,'' J^r. v£c. Poly., (ii), 80 ,1919. 

X-Mi, dealing with the theory of rotating fluids. 

RWHUOX.. a., *' no Problem of Two Electraed Spheres/' Proc. Pkys, Soc„ 
8K 1922. 10-29. 

Ksnpmu), E. H.. " On a Simplified Proof tor the Retarded Potentials and 
iUiyghens's Principle/' PktJ. Mag., (6), 48 , 1922. 1014-17. 

BasMiaN, H., " On Lines of Electrical Induction and the Conformal Trans* 
focmations of a Space of Four Dimensions." Proc. Lond, Math. Soe., (2). 
tl^ *922, 236-70. 


Considerable interest was aroused by the remarkable gliding 
laakscf last summer. It is hardly necessary to write about these 
in any detail, because everybody will have read about 
thma in the daily and weekly press. But a considerable 
nuonher of papers have appeared recently dealing with the 
pifUem of gliding and soaring flight. An excellent account 
Cf tile art of gliding as based on mechanical principles is given 
In -wepaper by C. Runge entitled " Ober den Segelflug ” {Die 
IflHiihrmssensehafien, x, 1923, 879-83). Runge emphasises 
•MWral important points that are often forgotten by “popular “ 
Wiitiers. Rather similar in content is the article by S. Brodetsky 
Sept. 6, 1932), who urges that the flight without 
ttf'libtor should be termed wind-flight, in order to make clear 
titoUkit is a kind of flight which depends upon the existence of 
iIm, either with upward component, or horizontal but irregular: 
idplhas been approved by some other writers. 

T. Walker (Proc. Comb, Phil. Soc., xxi, 1933, 363-75) 
#li|usses the meteorological conditions associate with the non- 
^ing flight of tropical birds. He controverts the view ex- 
Tby Hankin that there is some mystery about the supply 
ry in such flight, and asserts his belief in the existence of 
[irotients explaining the flight. Observations on soaring 
joa recorded by H. Fabre {Comptes Rendus, ITS, 1933, 
l). They refer to flights across the Mediterranean, and 
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the writer mentions two typ^ of soeh flight, IniiMi ,t%^ 
4irection of flight was perpendicular to the lines lormjiK^<l^ 
wave-<rests, giving effects similar to the gliding fli^ppil 
hilly ground where upward currents of air are produ 4 M« ''Jim 
the other type the flight was parallel to the waves, tl(|^,|ilp 
keeping in the upward current produced by one row of 
Further observations are given in three short pap^ 

.£. H. Hankin, entitled “ Flying Fishes and Soaring Flis^,^ 
“On the Air-'brake used by Vultures in High<«peed FUg^/* 
and “ Soarii^ Flight of Gulls following a Steamer “ (Pmr« 
Camb. Phil, ^c., xxi, 1923, 421-3,424-5, 426-9, respectively). 

But the most important Scientific issue involved in recent 
work in aeronautics is in connection with the theory of aerofoil 
pressure. How is it that the type of aerofoil section used iii[ 
practice produces such a large lift for so small a drag 7 Many 
years ago Lanchester suggested in his Aerodynamics that 
this was to be explained by the existence of a " circulation “ 
round the wing, giving greater relative velocity of the air|above 
the wing than below, and thus producing greater pres$ure|>diow 
than above. Little was done with this as regards the calcUlatioa 
of actual results till L. Prandtl, of Gottingen, took the matter 
in hand and gave the suggestion a mathematical form—^he 
also incorporated some ideas of Joukowski and Kutta in^rder 
to get more satisfactory results. 

There can be no doubt that the Prandtl theory is a ditttumt 
advance in our treatment of the problem of the aerofoil. Rcsnto 
have been obtained that agree very well with observations and 
even its opponents, like L. Bairstow, admit this. A full accmajot 
of the theory was published recently by the American Natioiial 
Advisory G}mmittee for Aeronautics-(Report 116), the.aiithor 
being Prandtl himself. This report is rather difficult to 
in this country, but several papers by H. Glauert and oj^exi 
supply the deficiency somewhat, and add some new dev^^a|H 
ments. 

In his paper “Aerofoil Theory” {Aeronautical Resitaritdk 
Committee, Reports and Memoranda, 723, 1931, ao pp.) GlaMlt 
gives a brief account of the Prandtl theory. Ho deals jftnlt 
with the fundamental two-dimensional problem, or “aerofoils if 
infinite span.” He then considers the finite mon(4>lan« initM 
and the pressure distribution over it. Biplanes are tripp 
next, and then the influence of walls and free bouadaiiei>im 
streams, in order to get results applicable to wind-chanfil 
and other experiments. It is interesting to note how.||ii 
effect of aspect-ratio can be deduced matliematicSlly«, 
later paper.(tWd., 752, 16 pp.) the. theory » compmm ipb 
esmerimental results. Glauert contributes a third pflpPi^ 
"All Aerodynamical Theory the 4irscrewV(»6»d., 
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tile Prandtl the^ is used to escamine the problem of 
rew faydrodynamically. The interesting result emerge s 
lauert’s theory justii^ the use of two'dimensionol 
values on the various elements of the screw, with a 
i^Crt^ction factor which is theoretically established. 

Prandtl theory is also dealt with in a paper 
by 1^ McKinnon Wood (Aer. Jour., xxvi, 1923, 480-501). 
An extended discussion of the theory is to be found, 
howe>i»r, in the report of a paper read by A. R. Low called 
“ Review of Airscrew Theones ” (ibid., xxvii, 1923, 37-72). 
The weaknesses of the Prandtl theory are here laid bare, the 
chief critic being L. Bairstow. He admits that the theory is 
very good empiricallv, but he claims that it is not well 
established theoretically. He asks: “ When should a circula- 
ticHi be applied and when not; how much should be applied ? ” 
Bairstow emphasises the necessity of proceeding, no matter 
how laboriously, with the integration of tne equations of viscous 
motion. He and his collaborators are doing so : some work 
has already been published, and we must wait for further 
results. 

An interesting and at first sight paradoxical application of 
air pressure is that described by Constantin, Joessel, and Daloz 
{Comptes Rendus, 176,1922,683-5). The nature of the applica¬ 
tion IS adequately described by tne title of their paper: Sur 
un bateau qui remonte le vent en se servant du vent lui>m8me 
comme puissance motrice." Successful sailings with such 
boats are recorded. The idea is to have an airscrew which is 
^ven round by the wind blowing from the front, and which by 
its rotation produces a forward force on the boat. 

Two fundamental papers on the dynamics of aeroplane 
motaon are published by G. H. Bryan. In the first paper, 

' ‘ The Canonical Forms of the Equations of Motion of an Aero- 
l^ane in Still and Gusty Air" (A«r. Res. Comm., R. & M., 
193 c, 689, 43 pp.), Bryan mves the results of work carried out 
jprtily in collaboration with S. Brodetsky and O. Williams, 
ibe idea is to divide up the motion into portions in each of 
the resultant velocity of the centre of mavity of the 
tia|H^ine makes an angle with the propeller axis lying betwem 
ciqrtpin definite limits. In each such zone the motion is con- 
ikldigred by first neglecting all forces like gravity, propeller 
etc., and even some terms of the air-forces themsdves. 
a new variable s - where is the vdocity 

diUlpmi^t in the forward direction as seen by the pilot, in 
*^ tl*e “ log-run," and introducing an idea compar^e with 
f ^nnnnal co-ordinates in the La^nM Uieory of vibrations, 
deduces a discriminating cubic whose roots can be useo 
thP^n the complete solution of the prdilem. The tenni and 
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forces omitted are introduced in the form of int^[id|li ^ 
numerical work is due to Williams. In order to deal 
integrals, use is made of series suggested by Brodetsky/ 
are essentially modified forms of the sine and cosine serieli ;t|#BV 
in fact rather simple hypergeometric series. 

The second paper," The Theory of Initial Motions and its 
Applications to the Aeroplane ” (ibid., 744, 25 pp.), shows how 
to use Maclaurin’s series for dealing with initial motions of 
aeroplanes after being disturbed by a gust or any other agency. 
In both papers the notation of Brodetsky’s book Mecmmcal 
Principles of the Aeroplane is adopted. 

N. Basu (BuU. Calc. Math. Soc., xiii, 1922,141-50) discusses 
the stability of an aeroplane in circling flight, using the type 
of laterally stable aeroplane as calculated by Bryan. He 
obtains a biquadratic, but surely the argument is not appUcable 
to an aeroplane up in the air. Basu, in fact, assumes that In the 
disturbed motion the centre of gravity moves in a horizontal 
plane. Further dynamical theory is dealt with in two peters 
on Helicopters by J. Case (Aer. Jour., xxvi, 1922, 390-407, 
43 S~ 47 )* The author deals with the hovering helicopter, .srith 
descent, forward motion by inclination of the screw axis, 
gliding, performance, and stability. The stability con<£ltion 
for vertical flight leads to a determinantal equation of the tenth 
degree—but the discussion is only preliminary, since we iStill 
know insufficient about the behaviour of airscrews moving In 
directions inclined to their axes. 

Papers of historical interest in aeronautics are contributed 
by A. Ogilvie, " Some Aspects of Aeronautical Resean^ ” 
Ubid., 381-9), and L. Bairstow, “ The Work ofS. P, Lang^”** 
(ibid., 420-34). The latter mentions the interesting and 
significant fact that the glider on which Maneyrol permimed 
his great glide last summer, beating the German record ofWver 
three hours’ stay in the air, was of very much the same Ibrm 
as the man-canying aeroplane constructed by Langley, 
is also mentioned in a note issued by the SmithsonianInstitW^krii 
on November 28, 1922. 

Mention should be made of the papers set at the exani^h-. 
tion for the Associate Fellowship of the Royal Aeronatdldld 
Society, held in September 1922 (Aer. Jour., xxvi, ^9« 
448-5S). There are six papers. Three of them will intiveit 
applied mathematicians. Paper I deals with strength'^ 
materials, elasticity, and structures, in the engineering iiiity.1 
Paper II deals with aerodynamics, the questions testing pradl|^n 
knowledge rather than theory. Paper IV is on mathemdiAl» 
the standard being not unlike that of a final pass standAnj^ 
the Universities. 

Tne following papers should be noted; " 
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A„ " Jwraalle I.«ctti>»-rHodam Aiieraft," xiofU, X 9 > 5 > 
\ Kitich coatAiiif loaM goodilow patteroa of fluids round obstw^. 

CHpb ^ "Stre s se s in Airscrews due to Varying Engine Torque," ibid., nvi, 
v:^ sai-4. 

I B BiiW p g, " Tbe Vibration of Airscrew Blades," ibid., 472-3. 

liOMils, J., " On the Stability of Aero Engines," ibid., rcxvii, 1923, 182-217. 


A considerable amount of work on hydrodynamical problems 
it to be recorded. The study of hydrodynamics has re¬ 
ceived a great impetus from the extensive researches on the 
aerodynamical properties of various types of bodies, aerofoils, 
struts, airships, etc. Very important contributions to the 
sulyect have been made by G. I. Taylor. In a paper on the 
" Motion of a Sphere in a Rotating Liquid " {Proc. Roy. Soc., 
A,m, 1922, 180-9) Taylor describes some beautiful experi¬ 
ments in which he shows that when a sphere moves through 
a rotating fluid there is a sheath of fluid round the sphere which 
is not in rotation. This follows a lengthy paper on the mathe- 
lisatics of the problem by S. F. Grace: " Free Motion of a 
Sphere in a Rotating Liquid Parallel to the Axis of Rotation ” 
{udd.^ A, 108, 1922, 89-11.1). In another paper, " Stability of 
a Liquid contained between Two Rotating Cylinders ” 

541-3, and Phil. Trans., A, 888, 1923, 289-343), Taylor 
examines a special type of instability that arises, chanmng the 
motion from two-dimensional to three-dimensionm. The 


problem is dealt with both when the cylinders are rotating in 
the same sense and in opposite senses. Lord Rayleigh's 
results are verified experimentally. In particular the spiral 
type of motion that arises is also considered. Taylor’s 
imMFetical and experimental researches are doing very much 
to aid us in obtaining a more thorough understanding of fluid 
motions in general. 

The problem of discontinuous fluid motion is one of 
considerable mathematical interest, even if for applications 
to aerod^amical problems the work of Prandtl and Bairstow 
imd their followers is more immediately useful. Basing 
liteself on the general solution of the discontinuous fluid motion 


mM any barrier mven by Levi-Civita and later developed by 
OiottitBrillouin, Villat, and others, Brodetsky {Proc. Roy. Soc., 
Ay IM. 1923, 542-53) calculates, by a process of successive ap- 

__- 4.1 __:___]__ 


the same writer calculates the general formula for the 
of the line of action of the resultant pressure for any 

"motion has to be considered from many points 
yiefar. While F^dtl deals with the aerofoil problem by 


n 
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the circulation method, others are attempting to deal <v 
turbulence introduced by the motion of a body through 
Thus Villat contributes a naner: ‘‘ Sur les mouvem 
aires dans ui 
connexe, contenant des parois solides ” {Compies 
17 S, 1922,445-6). D. Riabouchinski writes: “ Sur les equattom 
du mouvement 4 deux dimensions de solides dans un liquids 
avec tourbillons " (ibid., 442-5). W. M. Hicks considers the 
mutual threading of thin circular vortex rings (Proc. /?oy. Soc., 
A, 102 . 1922, 111-30), while N. Sen discusses in considerable 
detail the exact mathematical solution of circular vortex rings 
of finite section in incompressible fluids (Bull. Calc. Math. Soc., 
xUi, 1922.117-40). 

G. B. Jeffery, in his paper “ The Motion of Ellipsoidal 
Particles immersed in a Viscous Fluid" (Proc. Roy. Soc., 
A, 102. 1922, 161-79), introduces the hypothesis that these 
particles assume definite orientations in relation to the motion 
of the fluid. This is examined experimentally by G. I. Taylor 
(ibid. , A, 108 . 1923,5 8-61), who uses particles made of aluminium 
moving in waterglass. He finds that the particles do assume 
such orientations, but only after a considerable time, and that 
till then there are oscillations as indicated by Jeffery’s 
mathematical analysis. 

Other papers that should be consulted are; 

Woodward, R. S., ** Some Extensions In the Mathematics of Hydro¬ 
mechanics,'' Proc. Not, Acad. Sei. U.S.A., 9 , 1923, 13-18, who conaUen 
in particuiar the equations of viscous motion and emphaidaes the value 
of what he calls prebarmonic functions, namely, solutions of the equatiMS 
V*S' ■" o, called biharmonics by European writers. 

Cakcmbl, C.. ’* Sur le regime turbulent," Comptcs Rcndus, ITS. 1932, 
. 743 - 5 - 

Lamb, H., " On Water Waves due to Disturbance beneath the Suifaoe," 
Proa. Land. Math, Soe„ (2), 21 , 1922, 359-72. 

Mitba, S., " Surface Waves due to a Submerged Elliptic Cylinder," Bait. 
Calc. Math. Soc., xiii, 1922,167-74. 

**iy*|^. O., " Notes on the Draught Tube of a Water Turbine,” Tsch. E$p. 
Tdhoku Imp. Univ., iii, 1922, 57-69, 

Gksbm, G., " Some Problems relating to Rotating Fluid in the Atnaoep b atw" 
Phil. Mag., (6), 41 , 1931, 663-75: 48 . 1921, aoo. 

D., " The Dynamics of Revolving Fluid on a Rotating Eaoth, 

Roy. Soc., A, 96 , 1921, 397-403. 

On the general principles of mechanics and their appUcatUiili 
the following papers are of interest: 

Hau, F. G., Notes on " A Treatise on the Rectilinear MotkA had R dt att aii 
M Bodies" by George Atwood, M.A., F.R.S. (Cambridge, 1784), Malk 
Goa., xi, 1933, 108-10. ^ 

RdvaiiXB, T., Examen critique du Mdmoice ed Ponisot Sur la "Thtadt 
Nouvelle de la Rotation des Corps," Jear. V 6 c. Poly., fl, 20 . *919, 
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O* I.» ** A Ratetion betwaan Rartrand’s and Kelvin's Thaoraiiis on 
w .lumdsas/’ Proc. Land. Maih. Soc.^ {%), 81 « Z9S3» 4t3-X4« who pfovas 
mt the reduction in energy due to the imposition of constraints in the 
B ert ra nd case is less than the increase in energy due to the imposition ol 
the same constraints in the Kelvin case. 

HaVASKi, T„ " Some Problems in the Theory of the Cyclone/' Sd. R»p^ 
T6hoku imp, Univ,, xi, 1922, 870^3, dealing with kinematical problems. 

BaowwicH, T. J. I'A.. " Kinetic Stabill^/' Phil, Mag.^ (6), 48 t 1922, 70-2^ 
who points out an error in Jeans* ** Jmblems of G^mogony and Stellar 
I>3fmamics/* and discusses ^e method of small oscillations for the study 
of stability. He shows that in genm^ the method is sound, except for 
critical cases. 

Baker, B. B., '' The Vibrations of a Particle about a Position of Equilibrium/* 
Part II, “Relation between Series and Elliptic Function Solutions/* 
Proc, Ed, Math, Soc„ xl, 1922, 34-49* 

PorOFP, K., *' Sur rint6gration des Equations de la Balistique dans des 
conditions g6n6rale8 de la resistance/* CompUs Rendus, 176 * 1922, 
337 '- 40 * 

Andradb, J., '* Les determinismea mecaniques et la notion de milieu, 
orbites ^mudo^lliptiques et orbites circulaires/* tbid., 138-40, dealing 
with resisted motion. 

Wrikch, D., ** On the Orbits in the Held of a Doublet," Phil. Mag., (6), 
4 S, 1922, 993-10Z4, dealing with a very interesting problem in pa^cia 
dynamics. 

Upadhyaya, P. O., " Second Paper on Tautochronous Motion," TShohu Malh, 
Jour., 22, X922, 263-4, giving some special cases. 

Krisknaiyar, N. C., " On the Amplitude of Vibrations maintained by Forces 
of Double Frequency,** Phil. Mag, (6), 48 f 2923, 503"-2o. 

Narayak, a. L., ** Coupled Vibrations by Means of a l^uble Pendulum," 
ibid., 567-74* 

Narayak, A. L., " Mechanical Illustration of Three Magnetically Coupled 
Oscillating Circuits/* ibid., 575-80. 

BrLUfovrrcH, A., " Des lignes d*inertie sur une surface,** Comptes Rendus, 
17 Si 2922, 6^22. 

OsoooD, W. F., " On the Gyroscope," Trans, Am, Math, Soc., 28 » 2922, 
240-64, discussing the motion of the axis of a gyroscope when acted upon 
by an applied couple. 

Gray, J« G., and Gray, J., ** On the Application of the Gyroscope to the 
Solution of the * V^cal * Problem in Aircraft,** Part I, Proc^ Roy. Soc, 
Edin., xlil, 2922. 257-317, 

ScmiOwaxY, " I^monstration of some Applications of the Gyroscope/* 
Proc, Phys. Soc., 8S« 2923, 225-6. 

Murray, F. " Periodic Solutions in the Problem of Three Bodies,*' 
Bull, Am. Math. Soc., xxix, 1923, 25-26. 

Nobiskn, K. F., " Zur Quantentheorie des WasserstofifmolekQlioni/* Thnit, 
Utrecht, 2922, 208 pp., containing applications of the problem of motion 
unto two centres of attraction. 

Bowrix, T. H., and Roberts, J. H. T., " On the Frequenqr of Vibration of 
Circular Diaphragms," Proc, Phys. Soc., 86» 2923, 170^82, containing an 
fUiipeiimentai V «iuiCation of tMutts obtaiaed by Lamb. 

JUiSfM/O&OKT. By H. SnMcSK Jonss, ld.A., B.Sc.. Royal Obaamtory, 

' CfcaaDwlclit 

Further Vtrification of Einsitin's rAaory.-—Although <mly 
«suinmaiy report is to hand, at the time of writing, of the 
littlttlts obtained by the Lick Observatory and the Canadiaa 
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eacpeditions which obseived the eclipse of Sq>tembar 
Australia, and although the results were widely referreii to w 
the daily press, some reference to them in these notes li 
appropriate as bearing upon the progress of astronomy. 

Dr. Campbell’s announcement of the results obtained tlto 
Lick Observatory expedition states that three of the edipse 
plates were compared with three comparison plates previously 
secured at Tahiti. These plates were obtained when the 
eclipse region was at the same altitude as during the eclipse. 
The plates showed some seventy or so stars, and al^ough to ob¬ 
tain so large a number necessitated a rather long exposure with 
the consequent risk of the nearer stars being drowned in the 
corona, it is probable, jud^ng from the shape of the corona as 
revealed in such reproductions as are available, that some at 
least of the nearer stars were shown. As the photographs 
were obtained under excellent conditions, a reliable determination 
of the deflection was to be expected from these plates. The 
announcement states that the deduced values for the deflection 
of a ray which passes the sun at grazing incidence ranged from 
i*‘S9 to i''86 with a mean value of i'*74, Einstein’s predicted 
value of the deflection being i'*7S. Although it is not possible 
to judge of the internal agreement of the deflections as given 
by the different stars until the detailed results are published, 
it is evident that the Lick observers are themselves perfectly 
satisfied with them, as Dr. Campbell states that observations ■ 
to determine the gravitational deflection will not form part of 
the programme of the Lick Observatory expedition which 
will observe the eclipse of September lo next. We may 
assume, therefore, that very satisfactory results have been 
obtained. 

A brief announcement has also appeared of the results 
secured by Prof. Chant, who was in charge of the Canadian 
party which also went to Australia. It would seem, from ^he 
very scanty details which are to hand, that the results are not 
of the same order of accuracy as those obtained by Dr. Campbelli 
but at the same time they also support Einstein’s value of tte 
deflection. The report states that the results are not of 
sufficient accuracy to give decisive information as to the laW 
of falling off of the amount of the deflection with increasing 
distance from the sun. It is rather probable that the imagcsi 
were somewhat diffuse, giving rise to somewhat increwwd 
errors of measurement. The announcement fr<»n the Lick 
Observatory t^es not make any mention of the infacmacthWi 
obtained on this point, which is one of some considerable iatereatt 
It may be recalled that the results of the 1919 expedition ha 
Brazil gave a somewhat steeper gradient thw Einstetn-a Ipifir.. 
It would be of interest to know whether this wan a pvimy 
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result dr whether there is a resiehial displacement due 
refaction of the light bv the solar corona. Should such a 
re«^ be confirmed, it might assist in throwing some light <»i 
the nature of the corona. Perhaps the Lick results will enable 
tto point to be settled. 

Meanwhile, there can now be little doubt that there is a 
deflection of the rays of light passing through the gravitational 
field of the sun which is of the amount predicted by Einstein. 
It is an important thing to have this settled once and for all. 
It is already evident that the opponents of the theoiy are not 
thereby convinced. The present position is that the theory has 
accounted for the motion of the perihelion of Mercury, for which 
no satisfactory explanation was previously available, and that 
it has predicted the amount of the deflection of light rays by a 

¥ ’avitational field which observation has adequately confirmed. 

he opponents of the theory are not able to advance a satis¬ 
factory explanation of either of these phenomena, and therefore 
their attitude can hardly be regarded as a logical one. 

The Constitution of the Outer Planets .—In a paper which 
appears in M.N., R.A.S., 88 , No. 6, 1923, Dr. Jeffreys advances 
the view that the four outer planets are cold and solid bodies. 
As the hitherto generally accepted view has been that they 
are hot and gaseous, the arguments upon which this change 
of view is based require careful examination. It was shown by 
Poynting in 1903 that the temperature of an ideal planet (by 
wmch is meant a planet satisfying certain conditions specified 
by Poynting in order that exact mathematical treatment might 
be given to the problem, but which need not be here specified) 
at the distance from the sun equal to that of the earth would 
be 312** absolute, at the distance of Mars would be 253°, and 
at the distance of Neptune would be 56®. These figures may be 
expected to be of the right order of ma|i;nitude provided that 
the planets do not radiate heat of their own. It has been 
generally assumed that the four outer planets do radiate heat, 
m which case Poynting’s results do not apply. 

Dr. Jeffreys advances reasons to refute this view. He 
shows first that if the interior of the planet were in complete 
thermal communication with its surface and no heat were being 
received from outside, the planet must by now have solidified 
qh any reasonable hypothesis concerning its initial temperature. 
As soon as solidification set in there would no longer be free 
thermal communication, but instead a slow ooiuiuction of heat 
fiatiiigh the surface. The surface temperatures must therefore 
oontnflled by the rate of supply of heat to the surface by solar 
and by the slow conduction outwards from the interior. 
In ^ cash of the earth it is shown that the predomimuxt factor 
ii amount of heat received freon the sun. If the external 
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portions of the other planets may be regarded as shnlbti^ 
constituted to the earth, it easily follows that, even At tnn 
distance of Nei)tune, the heat received from the sun^ v#cli 
decreases per unit area inversely as the square of the distance* 
will still predominate. Unless, therefore, there is considerabte 
sdective absorption, the surface temperature of the outer 
planets must be lower than the earth, still assuming that the 
surfaces are similarly constituted. Thus far, doubtless, Dr. 
Jeffreys’ argument will carry assent. But the question is raised 
whether the surfaces can possibly be regarded as similarly 
constituted. 

In the first place, Jupiter and Saturn, and probably the two 
outermost planets also, are densely covered with clouds, and the 
outer doud layers may be supposed to be the effective radiating 
and absorbing layer. By arguing from the theory of the generm 
circulation of the earth’s atmosphere, it is concluded that the 
depth of the homogeneous layer equivalent to the atmosphere 
of Jupiter is of the order of i/i 50 of the radius, and in the case 
of Saturn of the order of 1/20 of the radius. It is usually believed 
that the depths of the atmospheres are greater than this. It is 
probable that most experienced observers of the planets 
would fail to be convinced by this part of the argiunent. 

The mean densities of the outer planets are much lower 
than the mean density of the earth, that of Saturn being less 
than water. Their constitution must therefore be very differeitt 
from that of the earth. Dr. Jeffreys considers that they are 
solid bodies, possibly largely composed of ice, with a cold 
opaque atmosphere which below the cloud layers is approxi¬ 
mately isothermal. It does not seeni impossible that such may 
be the case, although no conclusive evidence is advanced. 
Dr. Jeffreys’ paper will at least make it clear that the tempera¬ 
tures of the outer planets may be much lower than has commonly 
been supposed, though it must not be thought that he has in 
any sense proved that such must be the case. 

The Atmosphere of Venus .—One important source of our 
knowledge of the planetary atmosphere is derived from a study 
of their spectra. The spectra of the sun and of stars are 
always found to contain certain dark bands in the red which 
are known to be produced by absorption in the earth’s 
atmosphere. The planets shine by reflected sunlight, and 
therefore their spectra should be similar to that of the sun 
except in so far as their own atmospheres may give rise to 
additional absoiption lines. It does not, of course, necessarily 
follow that, if additional absorption lines are absent, the planet 
must be without an atmosphere. Certain substances such as 
nitrogen do not produce any appreciable absmption lines, and, 
on the other hand, it maybe that the light is reflected m 
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U^rera of the atmosi^ere and doea not penetrate 
w for appreciable absorption to be produced in 

•ny case. 

Two important studies of the spectrum of Venus have 
recently been made. At Mount Wilson, some excellent spectra 
have been obtained by St. John and Nicholson with a dispersion 
of 3A per mm. (Asiropk. Jour., 66^ 380, 1922). The spectra 
were secured at a time when the relative velocity of the earth 
4md Venus was sufficient completely to separate the corre¬ 
sponding lines produced by the two atmospheres. These 
spectra tailed to show any trace of lines which could be attributed 
to the atmosphere. The meaning of this result is carefully 
discussed by the authors. For some of the spectrograms 
secured, the path of the light was as much as five times the 
radial depth of the layer penetrated. For the li^t coming from 
near the terminator the path was longer still. From considera¬ 
tions of the intensities ol the lines which may be expected under 
the conditions of the observations, it is concluded that, in the 
path traversed by the solar light through the atmosphere of 
Venus, there must be less than the equivalent of one metre of 
oxygen, which is less than the one-thousandth part of that 
in our atmosphere, and less than one millimetre of precipitable 
water vapour. There is therefore no appreciable amount of 
water vapour above the visual surface of Venus. The question 
is, where is the visual surface with regard to the actual surface 
of the planet ? This is a question upon which very little light 
can be thrown by the evidence at present available. St. John 
and Nicholson discuss it carefully without reaching any de^ite 
conclusions. They hope later to obtain evidence as to whether 
Ikht reflected from the continually evaporating surfaces of 
cmds will give absorption lines of observable intensity. They 
also point out that important evidence might be obtained from 
the relative colour indices of Venus and terrestrial clouds. It 
cannot at present even be stated whether the reflecting layer is 
composed of cirro-strati, of haze, or of clouds of dust proauced 
by violent atmospheric circulations. This much at least is, 
however, certain, that there is not any evidence at present 
that Venus has an atmosphere as dense or denser than 
that of the earth, as many of the earlier investigators 
bdieved. 

The same question has also been dealt with by SUpher 
{Lemoll Obs. BuUetin, No. 84). Venus spectra were obtained 
with a high-dispersion single-prism spectrograph, in the winter 
when the atmosphere at Flagstaff is exceptionally free from 
wa^ vapour. These showed no trace ok water-vapour 
absorption due to Venus. SUpher ^ates that the high albedo 
and telescopic appearance of Venus seem to imply that oar 
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view of her is rtiainly a sQpeiHsuiface one, which may 
appreciably affected by limt returned from her suitaei. ‘ w 
view of the concentration oi the water vapour in our atmospii^ 
to its lowest stratum, caution is necessary about condttdiu 
that water is absent from Venus. He points out that, although 
there is adequate evidence of extensive atmospheres about 
Jupiter and Saturn, their spectra show only moderate absorp¬ 
tions. Moreover, a previous study of the Earthshine spectrum 
led to the conclusion that the greater part of the light reflected 
by the earth is reflected by its atmosphere and not by its surface. 

It is worth noting that not only have these investigations 
failed to detect oxygen and water vapour in the atmosphere 
of Venus, but they have also failed to reveal any absorption 
bands due to other substances. 

The Luminosity of Nehulce .—^The account of an important 
investigation by Hubble into the source of luminosity in 
nebulae appears in Astropk. Jour., 6% 400, 1932. Startii^ from 
the fact that there appears in general to be a definite relationship 
between the spectra of the nebulae and those of the stars 
associated with them, in the sense that if the stellar spectra are^ 
earlier than Bi the nebular spectrum is emission, whilst if the 
stellar spectra are later than Bi the nebular spectrum is 
continuous, Hubble was led to the consideration of the sup¬ 
position that the nebulae owe their luminosity to ra^ations 
from the associated stars. If each part of the nebula rdlects 
or re-emits all the starlight incident upon it, then a being the 
measured maximum angular extent of the nebulosity and m 
the apparent magnitude of the star, a relationship of the form 
m + s lo^ a - const, should hold, and for a standard exposure 
and a ^iven type of plate for which the exponent in the 
reciprocity law is known, the constant can be calculated. From 
photographs of many nebuUe taken with widely varying 
exposures, Hubble finds that this relationship is v«y clos^ 
adhered to, and that the experimentally found value of the 
constant is in good agreement with the calculated value. The 
principal outstanding cases can be explained by supposing 
that the apparent brightness of the stars is diminish^ by 
nebular absorption between the star and the observer. This n 
confirmed in many of the cases by the large colour exceistii 
shown by these stars. 

The close association between stars and nebuhe has loi^ 
been known. In particular many of the so-called dark nebn^ 
found by Barnard are associated with stars whidi are sijnTbimi<i^ 
with nebulosity. But it is well to have this procff of tl» vti^ 
close relationship existing between the two mid to have 
established that the nebumr luminosity is in most cases set an^ 
rate due directly to reflected starlight. 
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lliiftlM. By J. Ricb. H.A.. Univen^ty. Uverpool. 

Aiomic Stmcture> —In No. 65 (July \g»i) a brief account was 

g 'ven in these notes of a statical model of the atom proposed 
/ Lewis and Langmuir. The feature of this model, which is 
ot great service in describing the chemical properties of the 
elements, lies in the postulate that the electrons are held at 
or near certain positions of equilibrium with regard to the 
nucleus. The electrons are arranged in layers or " shells ’’; 
each shell is divided into “ cells,” and any one electron is con¬ 
fined to a cell. As we proceed through the periodic table the 
cells are occupied one by one, and on arriving at an inert 
gas a layer is completed. Thus helium has a electrons occupying 
the first shell; neon has 8 more each occupying the first layer 
of the second shell; argon still 8 more occupying the second 
layer of the second shell. The next shell contains two layers 
each with 18 cells to be successively filled, the inner layer being 
filled in the case of krypton and the outer in the case of xenon. 
Then there is a layer of 32 cells which are just fully occupied in 
the case of niton. The remaining elements are formed by adding 
electrons to a few cells of the outer layer of the fourth shell. 

Despite the great service which this geometrical model has 
performed for the chemist in describing the phenomena of 
” chemical statics,” it is, in the opinion of physicists, inade¬ 
quate to explain such important facts as spectroscopic pheno- 
nibna, for example ; and it bears no resemblance to the 
planetary models, with each electron describing an mrbit 
around the atom centre, which the physicist has been led to 
construct in his attempt to satisfy dynamical laws. The 
difficulty which meets the physicist, on the other hand, consists 
in discovering in the po'indples of dynamics any satisfactory 
explanation of the remarkable stability which his models must 
possess in view of the permanence of the elements. In his 
"endeavour to do so, he has favoured models with coplanar 
orbits for the electrons ; but it is easy to see that such models 
0nnot meet the demands of the chemist, and yet the adoption 
of orbits in different planes cannot on the older theo^ be 
rectmciled vrith stability and permanence. It was tins which 
led Bote, in 1913, to introduce an entirely new idea into atomic, 
physics, vtg. that it is useless to search for a principle of stability 
W electronic orbits in the body of laws which Ited been based 
on olnervation of the solar system and of movement of matter 
lit bnlic; it was necessary to generalise our laws of dynamics 
in a rtlional manner and add to them the smallest number ^ 
postulates which would meet the new conditions. In keeping 
with this idea he suggested his principle of stationary states. 
D^t of the infinity of orbits wmch an electron could pursue 
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round a nucleus on the classical theory, only a limited nuoi^ 
possess the property of permanence; «.«. an electron cim 
travel in them without the gradual loss of energy which should 
accompany accelerated motion. In fact, ener^ cannot be 
added to or removed from the atom except oy a process 
involving a transition of the atom from one stationary state 
to another, in which at least one electron would pass from one 
of the discrete orbits possible to it to another of these orbits. 
In order to define more precisely what these orbits are, there 
is available first of all the fact that they agree with the ordinary 
dynamical laws ; in addition Bohr postulated that the frequency 
of the radiation emitted or absorbed when an electron jumps 
from one orbit to another is given by the quantum condition 


Ai'.(i) 

where h is Planck’s constant and E’ and E’ are the energies 
of the two states. Now a considerable body of knowledge 
concerning the radiations emitted and absorbed by various 
elements is summarised in the laws of optical series, of which 
the Balmer series for the hydrogen lines is one of the best 
known and simplest. Thus (i) combined with such series 
formulae gives us the difference of energies for any two of 
the admissible states. By taking one of the states to corre¬ 
spond to the removal of the electron to a great distance from 
the nucleus and ascribing an arbitrary constant value to t^ 
energy of that state we can obtain the energy values for the 
others. This defines the orbits to some extent, and in the 
case where there is only one electron in the atom, i.e. the case 
of hydrogen or ionised helium, the mathematical operations 
are sufficiently simple to enable one to give great precision 
to the sizes and forms of the orbits. Thus in the case of 
hydrogen it can be shown that one group of orbits consists of 
circles whose radii, r„ are given by 

ar, - n*. e*jkR 

where e is the electronic charge and R is the Rydberg constant 
which occurs in series laws ; » is an integer, which has the 
value unity for the normal condition of the hydrogen atom, 
and is called the quantum number of the orbit. FOr ionised 
helium, the circular stationary orbits are a quarter of the size 
of the hydrogen, i.e, 

— n*. e*l4hR. 


Another group of hydrogen orbits consists of ellipses with the 
nucleus as focus, whose major axis, 3 a, and latus rectum, 3 ^, 
are given by 


20 - «•. e*fhR\ 
2/> - A*. e*/hR} 
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Wbeet n and are a pair of integers, the principal and secondary 
<Itiaatum numbers. For a given value of n, k may take any 
wattle from i to n (when k n, the orbit is one of the previous 
drcles). For ionised helium R is replaced by 4^ in (2). 

When it comes to applying these ideas to atoms with 
several electrons revolving round the nucleus, the mathematical 
difficulties involved in a complete solution are so formidable 
that only very general conclusions can be drawn. But it is 
significant that the theory suggests that the orbits of the inner 
electrons which are concerned in the X-ray sp>ectra should 
approximate to ellipses given by 

20 - n*. e*IN*kR\ . . 

2 p •mk*. g*IN*hRj • * * •131 

where + N« is the nuclear charge, or N the atomic number; 
the series laws of X-rays are certainly consistent with the 
energies of these orbits. 

Recently Bohr has made a further step towards a clearer 
idea of orbital paths by studying successively, as far as they 
are known, the arc and spark spectral series of the elements 
one by one as we proceed through the periodic classification. 
The idea on which nis work is founded is as follows ; Suppose 
we are dealing with an element of atomic number N, and 
suppose that we consider the system made up of the nucleus 
+ Ne and N ~ i electrons moving in steady orbits (*.«." bound," 
let us say), with the A^th electron free. This Mh electron, in 
returning to one of its admissible orbits or in jumping from 
one of these orbits to another, will give rise to a series of lines. 
Now if we consider the nucleus and jV — i " bound ” electrons 
as approximately equivalent to a unit positive charge at the 
nucleus, the resulting series ought to bear some resemblance 
in its mathematical formulation to the Balmer series for 
hydrogen. Now it is well known that this is true for the 
arc spectra of the elements. So the formulae for such spectra 
should give us information concerning the energies of the orbits 
possible to the last electron captured in the formation of the 
atom. On the other hand, let us consider a system made up 
of the nucleus + Ng and N — 2 bound electrons. This is 
equivalent roughly to a nucleus with double charge, and the 
{N — i)th electron, in returning to one of its admissible orbits 
or leaping from one to another of them, should give rise to a 
spectrum having points of resemblance with the spectrum of 
ionised helium. Now this is known to be the case for the 
spivk spectra of the elements. Thus Bohr sunests as a mding 
principle that the arc spectra are connected " with the last 
stage in the formation of a neutral atom consisting in the 
oapSure and binding of the Mh electron," while " the spark 
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spectra are connected \)tdth the last sti^ but one in the 
tion of the atom, namely the binding of (N ~ i)th eleotrolu** 
With the assistance of the formulae for these spectra he prooeeiil 
to pass in review the elements in each period, basing hims^ 
on reasoning of a general nature, and to frame a picture of the 
orbits of the various electrons which, while not detailed, is 
plausible on d3mamical grounds and seems to conform mmre 
closely with the demands of the chemist than previous physical 
models. To each orbit is attached a pair of quantum numbers 
such as n and k in (2) and (3), and these numbers serve to give 
some definition to its size and shape (the shapes are not in 
general the simple ellipes referred to above, but may approxi> 
mate to'them in certain parts of the orbits). Thus to take the 
case of sodium, which is the iith element in the periodic 
classification, its arc spectrum gives the data necessary to give 
an approximate picture of the orbit of its last electron to be 
captured, i.e. the iith. It is then assumed that this orbit 
resembles the orbit of the nth electron in any succeeding 
element. An important feature of Bohr’s new ideas is the 
fact that his principle of stability no longer compels us to 
adopt coplanar orbits. The normals to the orbital planes are, 
in fhct, supposed to be arranged in space somewhat like the 
lines joining nucleus and electron in the Lewis-Langmuir model. 
This certainly offers a closer approach to the possibility of 
meeting the chemist’s requirements. Another feature worth 
mentioning lies in the possibility of an electron, which might be 
called an “ outer electron ” (because a large part of its orbit 
passes out of the region occupied by the orbits of the other 
electrons), and yet travels close into the nucleus for a part of 
its path, resembling a comet of our solar system. Tins is 
quite distinct from the Langmuir idea of successive layers of 
approximately static electrons. Another important difference 
lies in the grouping of the electrons in each period. This can 
best be indicated by a table. (The Langmuir Rouping is 
indicated at the beginning of this article and is given in the 
previous article referred to.) In this table the number 
electrons in an n, k orbit is given, where n and h are the quantum 
numbers mentioned earlier. An orbit with w is circular ; 
the orbits with the same n but decreasing k are approximately 
ellipses with the same major axis, but increasing eccentricity. 
The atoms quoted belong to the inert olements. 

These ideas were fint propounded in an address to the 
Physical and Chemical l^ieties in Copenhagen, October ig, 
1921. They appeared in a paper to the rpax. 

A translation of that paper forms the last of thMoMsays ^: 
Bohr on the Theory of Spectra and diomic ConsiiMiaH teceOflM 
published by the Cambridge University Press. A loi^f 
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with some very interesting diagrams has been published as a 
Supplement to Nature just as tnis note goes to press (July 7). 
Bonr appears to be still engrossed on elucidating the d3mamical 
points involved, as he has recently contributed to the 2 ^eH. fUr 
Pkysik (Bd. 13, Heft 3, 1923) a paper which is the first' of a 
series whose purpose is to explain systematically the problems 
which one has to treat in dealing with atomic structure. 


OMaJUnO OrantTBT. By O. L. Brady. D.Sc., F.I.C., Univezaity 
Collegt. London. 

Synthetic Methods and Reagents. —Davies and Perkin {Trans. 
Chem. Soc., 1922, 181. 2196) have described a satisfactory 
method of preparation of the phthalaldehydic acids, 
QH4(C00H)CH0. These compounds, which oiler many in¬ 
teresting possibilities as starting materials for the synthesis 
of ring compounds, have been little used owing to the difficulty 
of preparing reasonable (quantities of them. The above authors 
find that by the chlorination of the three toluoyl chlorides 
(readily obtained from the toluic aciife by means of thionyl 
chloride) in bright sunlight at from i6o®-2io®, 80 'pet cent, 
yields of «-di(mlorotoluoyl chlorides are obtaine<i; these 
oomjpounds on hydrolysis with an aqueous suspension of 
calcium carbonate in an inert atmosphere give good yields of 
the corresponding phthalaldehydic acids. 

CH,. C,H.. COOH -> CH,. C,H*. COQ 

CHCl,. QH* . COa CHO . C,H4 . COOH. 

The preparation of axhlorc^toluic esters, CH,C1. C,H4. COOEt, 
and other compounds of this type, all likely to be of importance 
in synthetic operations, is also described. 

The Rosenmund method for the preparation of aldehydes 
hy the reduction of acid chlorides by means of hydrogen in hot 
xylene solution in the presence of palladium has been extended. 
RManiaund and others {Ber., i^t,H [B], ;»888; 1922, H» [B}, 
dbp, 8357) have found that sebacyl, suberyl, isophthalyl, and 
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terephthaljii chlorides give 75-85 per cent, j^elds of the cone* 
spending dialdehydes, but s-o-phthalyl chloride under these 
conditions gives mainly phthalide. By the reduction of 
triacetyl-galloyl chloride good yields have been obtained of 
triacetyl-gallaldehyde, and from this, by boiling with an 
alcoholic solution of potassium acetate, the very reactive 
gallaldehyde. 

Unusual difficulties have been encountered in obtaining the 
hy^oxy-cinnamaldehydes, as the ease with which they are 
resinified by alkalies inhibits their preparation from the 
hydroxy-benzaldehydes by condensation with acetaldehyde 
in the presence of alkali. Tiemann and Kees {Ber., 1885, Ig, 
*9SS) synthesised a number of these compounds by using a 
glucoside; for example, helicin (C,H4(0 . . CHO) was 

condensed with acetaldehyde bymeans of alkali and the resulting 
compound . C,HuO,). CH : CH . CHO) hydrolysed with 

emulsin when o-cumaric aldehyde (HO . CjH^ . CH : CH. CHO) 
was obtained. Pauly and Wascher (Ber., 1923, 6fl» [B], 603) 
have introduced a more satisfactory method. The hydroxy- 
benzaldehyde is converted into the methoxy-methoxy-com* 
pound by the action of chloromethyl ether, this is condensed 
Muth acetaldehyde in the usual way, and the methoxy- 
methoxy-group removed by boiling for a short time with 50 
per cent, acetic acid containing 0*3 per cent, of sulphuric acid, 

NaO . QH*. CHO CH,0 . CH ,0 . QH,. 

CHO y CH ,0 . CHjO. C,H.. CH ; CH . CHO 

^ HO . C,H4 . CH : CH . CHO. 

The production of methyl-ketones of the phenolic ethers 
by the action of acetic anhydride containing concentrated 
sulphuric acid (sulphoacetic acid) has been studied by ^hneidcr 
ana his co-workers {Ber., 1921, 64 , 1484, 2298, 2302; 1922, 
66k 1892). Anisole gives />-metho 3 ^acetophenone, »- and 
/i8-naphthyl-methyl ethers give 4-methoxy^-naphthyl-methyl 
ketone and 2-methoxy-a-naphthyl-methyl ketone respectively, 
while guaiacol, MeO. QH4. OH, gives 3-acetoxy-4-methoxy- 
acetophenone or acetyl-iso-acetovanillone, MeO(AcO). • 

CO. CH,. More prolonged action of the reagent gives rise m 
a number of cases to pyrylium compounds which can be isolated 
as perchlorates. 

Dibromomethylal, CBr,(OMe)„ obtained, together with 
methyl bromide and other products, by the action of bromine 
on methylal cooled in a freezing mixtwe, has been found to 
be an energetic methylating agent (Feist, Z. angew. Chm.y 
1922, 86, 489). Aniline, in ethereal solution is converted by 
means of it into methylaniline hydrobromide, )8-naphthol into 
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/|i4Mf»hthyl>meth3^ «ther, sodium cinnAmate into methyl cinna^ 
mate and ethyl sodiomalonate and ethyl sodioacetoacetate in 
h^t {Mtroleum suspension into the corresponding methyl 
dbrivatives. 

Vinyl chloride, CH,: CHCl, can be prepared in almost 
quantitative 3deld by the action of concentrated hydrochloric 
acid at 60^-95® on calcium carbide in the presence of a mixt^ 
of a mercury and a copper salt, a stream of hydrogen chloride 
being passed through the reaction mixture during the operation 
(Brit. Pat. 156120). 

A new method of ethylation which promises to be of great 
use has been discovered by Gilman and Hoyle (Jour. Anur. 
Ch«m. Soc., 1922, 4 A 2621). They find that organomagnesium 
haloids in which the group MgX is attached to carbon, oxj^en, 
or nitrogen when acted upon by diethyl sulphate have the 
MgX gfroup replaced by ethyl. The Grignard reagents pre¬ 
pared from, for example, bromobenzene, p-bromotoluene, 
benzyl chloride, a-bromonaphthalene, and bromocyclohexane 
gave 3rields of 33 per cent, ethyl benzene, 4$ per cent, p-ethyl 
toluene, 100 per cent. »i-propyl benzene, 70 per cent, o-ethyl 
naphthalene, and 80 per cent, of ethyl cyclohexane respectively. 

Davies {Trans. Chem. Soc., 1922, 121, 715) has devised a 
method by which an 80 per cent, yield of pure p-nitro-phenyl- 
hydrazine may be readily obtained from p-nitraniline. The 
method consists in the reduction of p-nitrobenzene diazonium 
chloride with ammonium sulphite, the essential feature being 
that the reaction mixture must be kept neutral or alkaline 
throughout by the addition of ammonia, otherwise resinous 
products are formed in quantity. A satisfactory method for 
the preparation of this useful reagent for aldehydes and ketones 
has long been wanted. 

A nitrating agent which can be used in a basic medium 
has been employed by Battegay and Brandt {Bull. Soc. chim., 
1922, [iv], ^ 910). This consists of anhydrous pyridinium 
nitrate in excess of pyridine, and it is found that anthracene 
and naphthalene with this mixture give 9-nitroanthracene and 
a-nitronaphthalene. 

Gilman, Meyers, and their collaborators {Jour. Ind. Eng. 
Chem., 1973, 11 ^ 61 ; Jour. Amer. Chem. Soc., 1923, I6» 150) 
have done some very necessary work on the Grignard reagent. 
Though this reagent has such an extended application, but tittle 
is known about the best experimental conditions for its prepara¬ 
tion with optimum yield. Studying first the analytical methods 
for the estimation of the Grignard reagent, it has been found 
that the measurement of the gas evolved on decompositi(Hi 
with water or the titration of the residual basic magnesium 
hatide wdth standard acid after decomposition of the reagent 
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magmas; on the surface very complete chemical segregation 
is brought about by the processes of weathering and sedimentao 
tion. On the other hand, the processes of metamorphism and 
metasomatism tend to bring about a certain uniformity, which 
is evidenced by the monotonous chemical character of ancient 
metamorphic formations over wide areas. 

In his Presidential Address to the Geological Socie^ of 
America {BuU. Geol. Soc. Atner., 88, 1922, pp. 231-54) Prof. 
J. F. Kemp discusses the after-ofiects of igneous intrusion, 
especially from the viewpoint of the origin of mineral veins. 
He reviews the phenomena of pre-Cambrian impregnated 
strata, lit~par-lit injection, contact-zones, and mineral veins, 
and gives powerful support to the theory of derivation of 
most ore-deposits from igneous rocks. 

Dr. R. H. Rastall's paper on “ Metallogenetic Zones ’’ {Eton. 
Geol., 18, 1923, pp. 105-21) follows out some of the lines of 
thought implicit in Prof. Kemp's address. He shows that in 
the principal ore-deposits of the British Isles there is evidence 
for the existence of a definite arrangement in space of metallic 
compounds in relation to igneous intrusions ; and that it is 
closely correlated with the order in time of the different minerals, 
both ore and gangue, the later minerals being the more distant 
from the parent igneous rock. The metallogenetic sequence in 
Britain, summarised as tin, tungsten, copper, zinc, lead, silver, 
and iron, is, on the whole, similar to that accepted in America 
by recent workers on the subject. 

R. J. Colony has also pointed out the powerful effects pro¬ 
duced oy the adjustments of equilibrium at the end-stage of 
the consolidation of igneous rocks, between the highly con¬ 
centrated mother-liquor with mineralisers, and the almost 
wholly crystallised rock (/oum. Geol., 81, 1923, pp. 169-781. 
In these effects he includes the soaking of earlier minerals 
with quartz and albite, the transformation of p3n'oxenes into 
fibrous amphiboles, and the formation of micropegmatite and 
serpentine. 

In numerous recent publications P. Niggli, and his colleagues 
and students at Ztirich, have taken up the problems of tte 
geographical distribution of rocks and minerals. Rocks of all 
kinds are viewed as aggregates of minerals which are the 
ducts of definite physical and chemical processes, conditioned 
chiefly by temperature, pressure, and initial chemical compost** 
tion. These processes are geological, since both the energy 
and material involved are of natural origin; and they find 
ei^ression in the geological arrangement and association of the 
minerals and mineral aggregates (rocks) produced. 

The rocks are relatively invariable mineral associations 
which form large units, and take an essential part in the 
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itructore of the earth’s crust. So relatively uniform a mineral 
aAsociation as a rock is evidence of considerable uniformity of 
etmditions over a large area, and all mineral associations of 
the same age in such an area will show consanguineous relations. 
Hence Niggli recognises not only igneous provinces (with which 
vein minerals and many ore deposits are associated), but also 
sedimentary and metamorphic rock provinces (“ Der Gesteins- 
association und ihre Enstehung,” Verh. d. Schweiz. Naturf. 
Gesell. Neuenburg, 1920, pp. 1-25), A review of the whole 
field of research from this viewpoint is given in Niggli's book, 
Lehrbuch der Mineralogie, 1920, Chap. IIIB, " Die Mineral- 
lagerstatten und ihre Enstehung," pp. 467-637. Its fertility 
in ideas and thoroughness of execution can scarcely be over¬ 
estimated. 

Turning now to the igneous rocks in particular, with which 
Ni^li is now dealing in a work on the grand scale [Gesteins und 
Mineralprovinzen, Band l,EinfUhrung; Zielaetzung; Ckemismus 
der Eruptivgesteim (von. P. Niggli); Der Ckemismus der 
Lamprophyre (von. P. J. Beger): Berlin, 1923, pp. 602], he 
recognises that in order to study their geographical distribu¬ 
tion some systematic major grouping of the rocks is required, 
also some means of exhibiting the chemical character of indi¬ 
vidual rocks and rock series. Hence he has invented a new 
way of calculating the chemical analysis of a rock, on lines 
somewhat similar to those of Osann and F. Becke. It is 
claimed that by this method, which is too long to be explained 
here, the chemical relations of rocks and rock series are displayed 
better than by any other method (a claim which the writer 
of these notes is disposed to question). Niggli produces with 
the aid of the units thus obtained a diagrammatic representa¬ 
tion of i^eous rock assemblages very similar to the ordinary 
silica variation dia^am. 

In addition to-the usual calc-alkali or Pacific, and the sodic 
ca Atlantic kindreds, Niggli also recognises a relatively potassic 
or Mediterranean kincked, which contains the leucite-rich 
types, and the orthoclasic rocks such as potassic granites, 
syenites, shonkinites, and monzonites. Each of the tluve 
miun ^oups is divided into about twenty magmas. The 
method of calculation and the classification referred to are set 
out in full detail in the Introduction to Niggli’s new book 
above cited. 

The views and methods above stated have been applied to 
the special cases of the petr(^aphic provinces of Switzerland 

S ’Heim Festschrift," Vierteljahr. d. Naturf. Gesell. Zurich, 1919, 
k pp. 1 79-212), and to the igneous fields of the young Mediter- 
rattean mountain chains (" Der Taveyannazsandstein und 
Sruptivgesteine der jungmediterranen Kettengebirge," Schweia, 
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Min. u. Pttr. Mittk.^ Bd. 2, Heft 3-4, 1922, pp. 169^971^. 
The latter investigation shows that in the building of tsin 
Alpine orogen, magmas covering practically the whole range of 
the igneous field have been produced. Thus a recent great 
orogenic belt presents the same aspects of magmatic differentia¬ 
tion in miniature as the crust of the earth does as a whole. 
This shows that the igneous field is chemically limited, con¬ 
ditioned by law, and has suffered no restriction of range since 
the earliest times. 

In detail the investigation shows that along and within 
the orogenic belts, in the pre-folding stages, calc-alkali and 
potassic provinces are predominant; but in the inner and 
outer subsidence regions sodic provinces are more frequent. 
The conclusion is reached that the kind of magmatic differentia¬ 
tion in any region is a function of the general tectonic condi¬ 
tions with which it is in connection. 

Several petrological investigations on the lines laid down by 
Niggli have been carried out by his colleagues and students, 
amongst which may be mentioned the following : H. Schuppli, 
“ Petr. Unters. im Geb. des Pic Languard (Oberengadine),” 
Inaug. Diss., Univ. Zurich, 1921, pp. 116; A. Sonder,“ Unters. 
u. d. Differentiationsverlauf d. Spatpalaozoischen Granitintru- 
sionen im zentralen u. westlichen Gotthardmassiv,” Inaug. Diss., 
Univ. Zurich, 1921, pp. 72. By a consideration of the lampro¬ 
phyres satellitic to the plutonic masses of Lausitz and the 
Odenwald, P. J. Beger (“ Die Bildung des lamprophyrischen 
Restmagmas in Lausitz und Odenwald als Prilfstein fur die 
Bowen’sche Differentiationhypothese,” N. J. /. Min., 1923, Bd. 
I, Heft 2, pp. 220-61 is able to show that Bowen’s hypothesis 
differentiation by tne separation of early crystals from the 
residual melt, with the addition of remelting of the sunken 
crystals in depth, fully explains the origin of these lamprophyres. 
The general difference in composition between the Lausitz and 
Odenwald lamprophyres is also explained with attention to 
the different geological conditions under which the intrttsimi 
of the massifs took place. Beger extends this theme, togethtf 
with the consideration of all types of lamprophyre and tlie& 
differentiation, in the latter half of Niggli’s book (“ Oer Chenus- 
mus der Lamprophyre," previous reference, pp. 217-574!. 

Prof. V. M. Goldsc^idt has made a notable study os soma 
of the more common igneous rock kindreds in relation to thO 
definite tectonic-geological milieus with which they are con¬ 
nected (Stammestypen der Eruptivgesteine," Viamsh.^ssbilk, 
Skr. /. Math.-Nat. Kl., Kristiania, 1922, No. 10, pp. 12). Hi 
instances the " normal" gabbro-diorite-granite kutdrad 
lished by Bowen, and the " mica-diorite " or tonalita kindnod 
of the Caledonian chains, the Alps, and the Andes. Ihe 
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IVIttAllisation of biotite in the latter is ascribed to the wet- 
acMis " of the magma. The abundant water-content may be 
due to the absorption of volatile matter derived from the 
argillaceous sediments of the geosynclinals into which the 
nu^fmas are intruded, and with whose folding they are con¬ 
nected. On the other hand, the anorthosite-charnockite 
Idndred may originate from a “ dry ” magma, and is generally 
found intruded into water-poor granites and acid gneisses. 

The summary and review by Hibsch of the Tertiary alkaline 
province of the Bohemian Mittelgebirge is of extreme import¬ 
ance to all students of the geographical distribution of igneous 
rocl^ (" Stoff und Masse der tertiSren Eruptivgebilde des 
Bdhmischen Mittelgebirge,” Tscherm. Min. u. Petr. Mittk., 
Bd. 35, Heft 3-4, 1921, pp. 89-110). It is probably the most 
detailed estimate yet published of the relative and absolute 
masses of the rocks comprising a limited igneous field. The 
Bohemian region is usually taiken as one of the most typical of 
alkaline or Atlantic provinces. The properly weighted mean 
of all the analyses shows that the average rock is an alkaline 
basalt with SiO„ 44-10 ; Na»0, 3-80 ; KjO, 2-04, in spite of 
the prominence given to tracnytes, phonolites, essexites, etc., 
in the descriptions of this field. This study yields powerful 
support to the view that magma of basaltic composition is the 
starting-point for many differentiated series of igneous rocks. 

F. F. Grout has plotted the alkalies against the excess or 
defect of silica in numerous igneous rock series {Bull. Geol. 
Soc. Amer., 88, 1922, pp. 617-38). He thereby shows that 
there are many diverse differentiation series, and that no 
rarticular initial composition is necessary for differentiation. 
Further, the trend of differentiation may be diverse in different 
localities, even if the initial magmas be of similar composition. 
The diagrams show that" primary magma ” approaches average 
basalt in composition, but may vary rather widely. 

By a statistical method based on Washington's tables, 
W. A« Richardson has studied the frequency-distribution of 
igneous rocks in relation to their chemical composition {Min. 
Mag., 98, 1923, pp. I-19). He finds that all visible igneous 
f!Ocn are normally distributed about two t^^es, basaltic and 
granitic. Divergences from the normal distribution are slight, 
and are due in part to errors in sampling, in part to magmatic 
mixing. He concludes that neither Daly’s nor Bowen’s petro- 
lenic themies account for the origin of the two primary magmas, 
but that the normal suites with their characteristic dispersions 
oan be produced by crystallisation-differentiation as defined by 
Bbwen. 

Ittapapo' on” Differentiationsvorgange in Natronmagmen ” 
£. v|dmaim (N, J.f. Min., 1923, Bd. i, Heft 2, pp. 236-32) 
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exhibits the different mineral development of certain East 
African trachydolerites and tephrites, although the rocks are 
approximately of the same chemical composition. He shows 
that the mineral combination of trachydolerite has a much 
smaller molecular volume than tephrite, and concludes that 
the formation of trachydolerite from a magma of suitable 
chemical composition is favoured by high pressure and retention 
of gaseous constituents, whereas the formation of tephrite 
requires lower pressures and escape of the volatile con¬ 
stituents. 

In discussing the nomenclature of the spilitic suite A. K. 
Wells (Geol. Mag., 69 , 1922, pp. 346-54) suggests that the term 
keratophyre should be applied to intermediate members of the 
suite, both intrusive and extrusive, characterised by a high 
percentage of albitic felspar accompanied by a small amount 
of dark minerals now represented by chloritic or serpentinous 
pseudomorphs. Some keratophyres closely resemble bostonites 
in mineral composition and texture; but the latter term should 
only be used for rocks of normal alkaline lineage, restricting 
keratoph3nre to the equivalent members of the spilitic suite. 
In a second paper Mr. Wells summarises our knowledge of the 
characters and origin of the spilites {Geol. Mag., 60, 1923, pp. 
62-74). He adduces reasons for believing that these rocsa 
are not merely altered basalts, but are the products of basic 
magmas initially rich in soda. 

A re-examination of the TYaprain Law phonolite (East 
Lothian) by A. G. Macgregor and F. R. Ennos has resulted 
in the discovery of olivine and sodalite in this rock {Geol. Mag., 
69 , 1922, pp. 514-23). These minerals, along with the neph^ 
line and analcite present, were subjected to ingenious micro¬ 
chemical tests, and a new complete chemical analysis was 
performed by Mr. Ennos. Calculation reveals approximately 
4*2 per cent, nepheline, 20*5 per cent, analcite, 27 per cent, 
sodalite, and i*8 per cent, olivine. 

The analcite-bearing igneous rocks of Scotland have claimed 
renewed attention. D. Balsillie has begun the detailed petro¬ 
graphic study of the numerous doleritic intrusions of Fifeshire 
{Geol. Mag., 69 , 1922, pp. 442-52). These rocks belong to two 
groups: quartz-dolerites and analcite-bearingdolerites. Amongst 
the latter olivine-dolerites (7 crinanites) and teschenites are 
distinguished. 

Dr. F. Walker {Geol. Mag., 90 , 1923, pp. 242-9) classifies the 
Scottish and Moravian teschenites into (a) porphyritic (Mr 
basaltic types; (6) ophitic or doleritic t3rpes; Ic) non-porphsrritic 
or gabbro types, l^ch of these groups is further subdivided 
into varieties with hornblende (barkevikite) and varieties 
devoid of this mineral. There is a close resemblance between 
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ihni Scottish and Moravian types, and the highly analcitic rock 
lugarHs is represented in the latter province. 

Dr. Walker has also described the igneous geology of the 
Dalmeny district (Trans. Roy. Soc. Edin., 58, pt. ii, 1933, 

8 ). 361-75). The outstanding igneous rocks here are the 
ons Hill teschenite, the Hound Point quartz-dolerite, and 
the typical Dalmeny basalt lava of the Lower Carboniferous. 
A theralitic modification of the Mons Hill teschenite at White- 
house Point is described. 

In a paper on The Classification and Age of the Analcite- 
bearing Igneous Rocks of Scotland” (Ge<d. Mag., 60, 1923, 
pp. 249-60) the writer divides these rocks into two tolerably 
distinct petrographic groups, called respectively the teschmit* 
and the crinanite series. The rocks of the teschenite series are 
richer in analcite than the crinanites, whilst orthoclase and 
olivine are relatively more abundant in the latter. A subsidiary 
difference is the greater abundance of barkevikite and apatite 
in the teschenitic rocks. The teschenites are wholly Late 
Palaeozoic in age ; the crinanites are partly of that age and 
partly Cainozoic. The intrusion of analcite-bearing rocks 
thus appears to have ended the Palaeozoic cycle of eruption 
in the west of Scotland, and to have begun the Cainozoic C3mle. 
The Cainozoic crinanites may be regarded as derived from 
rslic Palxozoic magmas. 

N. Magnusson has made a close petrographic study, with 
several new chemical analyses, of the typical samdiies (can- 
crinite-bearing nepheline-syenites) and cancrinite-tinguaites of 
S5rn5, Sweden (Geol. For. Stockholm Fork., 45, Heft 3-4, 1923, 
pp, 295-334). The occurrence belongs to the highly alkaline 
group of plug-like intrusions of probable pre-Cambrian age 
which have been described by Brdgger (see Science Progress^ 
16, 1923, p. 549). 

N. H. Kolderup has made an intensive study of a small 
region of Caledonian folding and eruptives in western Norway 

£ ‘ Der Mangeritsyenit und umgebende Gesteine zwischen 
•alsfjord und Stavfjord in ^ndfjord im westlichen Norwegen,” 
Btrgens Mus. Aarbok, 1920-^1, Naturvid. Raskhe, No. 5, pp. 71). 
Mangerite-syenite is a syenitic member of the lime-rich micro- 
perthite-bearingmonzonites which C. F. Kolderup first described 
tifider the name of mangerite. There are also quartz-bearing 
members of the series, and a uralite-gabbro. This assemblage 
is intrusive into a Cambro-Silurian series of quartzites and 
phylhtes, with ^eenstones. 

Another series of nepheline-syenite and phonolite occur- 
fenoes in the Transvaal is described by Prof. S. J. Shand, 
svith. several new chemical analyses (” The Alkaline Rocks of 
the Franspoort Line, Ftetoria District^” Trans. Csol. Soc. S, 
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Africa, BB, 1923, pp. 81-100). They hppear as four ^iigs MHi 
numerous dykes along a belt of country 33 miles in fengtht 
which is believed to be a line of weakness in the Bushvoidt 
igneous complex and its floor. 

According to F. Dixey {Quart. Joum. Geol, Soe., 78; pt.iv, 
1922, pp. 299-347) the great norite mass of Sierra Leone differs 
from other well-known norite intrusions in its great size and 
apparent batholithic character. The main intrusion of norite 
was invaded in succession by a series of related minor intrusions, 
coarse norites, norite-pegmatites, beerbachites, norite-aplite, 
and dolerite. The rocli» exhibit good flow-banding, and 
interesting binary and ternary intergrowths between their 
principal minerals. 

The famous Beemersville (N.J.) occurrence of nepheline- 
syenite has recently been investigated by Aurrousseau and 
Washington {Joum. Geol., 80, 1922, pp. 571-86). The mass 
is interpreted as a lenticular sill or flat laccolith of foyaite 
intruded by a dyke-like mass of nepheline-porphyry. The 
latter rock was formerly described as sussexite (a nepheline- 
rich end-member of the grorudite-tinguaite series of Brogger), 
but the authors show that the Beemersville rock does not 
belong to this type. 

BOTAXT. By E. J. Salisbury, D.Sc., F.L.S., University CoUegB, 

London. 

Genetics, etc .—In a paper on Linkage in the Sweet Pea, Punnett 
describes experiments designed to test whether the number of 
characters or groups of characters showing independent 
inheritance is the same as the haploid number of chromosomes 
as was found by Morgan and his collaborators to obtain m 
Drosophila. This haploid number in Lathyrus odoratus is seven, 
whilst the apparent number of linkage groups would seem to be 
eight; since, however, there is probably a low-grade linkage 
of about 50 per cent, between some of these the number of 
linkage groups is probably equal to the haploid number of 
chromosomes {Jour, of Genetics, March 23). 

In the same journal Anderson describes prothalU raised from 
spores of variegated Adiantum cuneatum, all of which are 
variegated but are of two t3rpes. One is dark green at first and 
eventually variegated, the other is at first pale green with smatt 
chloroplasts and ultimately becomes white; the latter arc 
alwa3rs more numerous, whether raised from the spores frean the 
plant as a whole or from those in a single sporangium. AU the 
spqrophytes are also variegated, or white, and the apeorangia 
which they bear do not develop properly when arising ifrom white 
tissue, MO this is even true of part of tl» sorus situated on 
white tissue at the junction with green tusue. 
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Ottet finds that wlwn lai|[e>petaUed (BnoUma ru 6 rieafyx i$ 
antwed with smaU-petalled 0 . btwnis the Fj individuals show 
a akore or less intermediate size of petal; but, whilst germinal 
fagre^tion occurs in F>, somatic segregation would also appear 
to tarn place since a wide range in size of petal is found on the 
same individual and even on the same flower. 

In Gmetics for November Sax gives an account of the 
chromosomes of Wheat, The haploid number is seven for 
T. monococcum; 14 for T. tUcoccum, T. durum, T. polonieum, 
and T. tur^dum ; and 2 1 for T. vulgare, T. compactum, and 
T. spelia. Hybrids between the different groups thus often have 
an irregular number of chromosomes in the haploid nuclei and 
gametic incompatibility associated with this may account for 
the sterility of many such crosses ; there appears to be a high 
degree of correlation between clvomosome number and the 
adaptability of the wheat variety. 

Cryptogatwic. —An important paper by Brooks and Hansford 
on the moulds on cold storage meat appears in the Trans. Brit. 
Myeological Soc. for March. Three new fungal species are 
described from this habitat, vie. Sporotrickium carnis, which 
'occurs on meat, Torula botryoides, which is found on fish, and 
fVardomycts anomala on rabbits' flesh. The last-named is the 
type of a new genus. Several so-called species of Cladosporium 
are interpreted as strains of the well-known C. herbarum. All 
the fungi concerned are superficial in their development and 
do not render the flesh unfit for food unless associated with 
putrefactive bacteria. 

In the same journal Mehta discusses the annual outbreak 
oi Wheat Rust. This investigator finds that the uredospores 
cannot survive the winter, nor can the fungus survive in the 
mycelial condition. Direct infection by soredia is not possible, 
and there is no evidence for mycoplasm. In the Cambridge 
district fresh infection by tecidiospores from Rhamnus would 
appear to be essential. Uredospores of P. triHcina and P, 
f^marum, on the other hand, survive the cold of winter, whilst 
the former agrees with P. graminis in being resistant to the 
heat of summer. 

Gynmosporannum btrmudianum is peculiar in that both the 
ascidiospores ana teleutospin-es occur not only on the same 
hMt but on the same gall. In Puccinia podophylU, who-e a 
similar condition obtains, the two types of mycelia both 
apparently perennate in the tissues of the host. Thurston 
brings forwara evidence to show that in G. btrmudiatmm there 
is a perennial mycelium producing teleutospores which on 
germinating cause a reinf^ion with the production of a 
n^oeliinn bearing secidiospores {BoL Gas., vol. Ixxv, No. 3}. 

i^krisUa UbmUis, a monber of the Eilocaipaceae, has been 
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the Subject of investigation by Miss Knight (Trans. Ra^, Soc. 
Edinb., 88, p. 343), who finds that one and the same individual 
at various times assumes the habits to which varietal names 
have been given. This polymorphism is associated with the 
periodic formation of sporangia at intervals of 3-3 weeks 
followed by a process of natural pruning, when the intercalary 
sporangia become empty, and a subsequent proliferation. 
When growing as an epiphyte on Fucus this species is more 
vigorous than when attached to Ascophyllum, and on the latter 
pleurilocular sporangia are most frequently produced whilst 
when epiphytic on Fucus unilocular sporangia are the rule. 
Both types of sporangia may, however, occur on the same 
plant. In the unilocular sporangium each ceil exhibits a 
reduction division followed by further divisions which result 
in the formation of a number of zoospores. These zoospores 
can give rise to new plants. In the pleurilocular sporangia 
the divisions are normal, and in each constituent cell a spore 
is formed which may either behave as a gamete or develop 
parthenogetically. The plants which bear pleurilocular spo¬ 
rangia are of two kinds, however; some are haploid and the 
spores which they form either fuse and give rise to a diploid 
plant or, if parthenogenetic, to another haploid plant. Other 
plants bearing pleurilocular sporangia are diploid and the 
spore! which they form develop into other diploid plants with¬ 
out fusion. The plants which bear unilocular sporangia are 
diploid. 

Ecology. —^An account of the interglacial forests of Glacier 
Bay, Alaska, is given by G. W. S. Cooper in Ecology for April. 
The last glacial advance is estimated to have culminated about 
150-200 years ago, but prior to this the shores of the bay were 
covered by forest from the water’s edge up to 2,500 ft. The 
dominant species were those of S.E. Alaska at the present day, 
vis. Piesa sitchensis and Tsuga spp. and thirteen species of 
musci from the peat have been identified which are all commem 
in the existing forests. This young climax forest is in some 
parts in direct continuity with ancient climax forest at a higher 
altitude which was not destroyed durir^ the latest glacial 
advance. This older forest, though similar in character, u 
distinguished by the absence of cottonwood and alder. It is 
of interest to note that locally more than one buried forest level 
occurs attributed to deflection of the streams responsible for 
the gravel deposits under which the forest remains are preserved. 
The various localities investigated show differing moportions 
of Picta and Tsuga indicative of a succession in which Tsuga 
predominates in the final phase. 

The distribution of plants is the subject of a paper by 
lUdley in the Annals of Botany for January m which he combats 
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the idea that extended area is a necessary concomitant of a^ 
within that area. Galinsoga parviflora, long present in tl^ 
country, is still confined to a small area around its or^nal 
habitat, whilst Matricaria discoidea, though a relatively recent 
introduction, is already very widely spread. The species which 
exhibit a wide area of dispersal are held to be referable to one of 
four categories, viz. they are either weeds dispersed by human 
agency, species dispersed by sea-currents, swamp plants de¬ 
pendent on bird agency, or, in the case of a few species, 
have a wide temperature range {e.g. Phragmites communis, 
Cynodon daciylm) or are widely dispersed on mountain chains 
in the Tropics {e.g. Sanicula europeea). There is not, the author 
suggests, any evidence for regarding these widespread species 
as sharing a common antiquity, as is required by the age and 
area hypothesis. 

An important ecological paper has been published as a serial 
in the Revue gdnirale de Bolanique by Pierre Allorge on that 
part of the Paris basin between the Oise, the Seine, and the 
Epte, known as the Vexin h'ranijaise. The vegetation, apart 
from the considerable area of cultivation, consists in the main of 
^ercus sessiliflora coppices ; heaths, sometimes planted with 
pines, and siliceous and calcareous grasslands of a xerophytic 
t3rpe. Included in the flora of the area are several southern 
species which are restricted, however, to the calcareous slopes 
(s.g. Coronilla minima, Astragalus monopessulanus, Fumana 
procumbens). The biological types presented are classified 
according to Raunkaier's S3rstem, but the author draws attention 
to the intermediate character of many species. The buds of 
Euphorbia amygdaloides, for example, are produced in part 
above the ground-level and in part below. 

Of the native species over half are hemicryptophytes and 
US per cent, are cryptophytes, but whilst only 9 per cent, of the 
native flora are annuals, such comprise nearly 70 per cent, of the 
naturalised species. 

The association of Scirpus fluitans and Potamogelon polph 
gonifolius found in siliceous marshes is the first stage in the 
passajge to Erica ietralix heath and Quercetum sessilifloree with 
Vaceinium myrlillus ; a sequence which we may note is also 
encountered in this countrjr. A second succession series is 
characterised by the successive dominance of Limnanthemum, 
$cirpus lacustris, and Bidens leading up to Alnetum Math 
Cardamine impatiens and finally Oakwood dominated by 
Q, pzdunculata. 

In vraters rich in mineral salts the association of Schamus 
nigricans presents a composition strikingly similar to that of 
tm East Anglian fens. The Schoenus association mves place 
to « drier community dominated by Molinia, and this in turn 
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to thickets of Alder, Willow, and Buckthorn. Two nlekdow 
types are reco^ised, one bei^ characterised by FtsUua orkit- 
mnacta and Silaus pratensis, the other by Arrenatktmm. 
The calcareous pastures are dominated, as in this county, by 
Festaca duriusmla and Sesleria ccerulea, whilst the siliceous 
grasslands are characterised by Corymphorus canescens, Kotlma 
gracilis, and many of the species particularly met with in this 
country in the Breckland area. 

The'woodlands comprise Alneta, on inundated soils. Beech* 
wood on calcareous slopes, with a similar flora to those of 
Southern England. Oak>ash coppice on chalky and marly 
slopes with both Q. pedunculata and Q. sessiliflora ; the latter, 
however, only becomes common on the drier and poorer soils. 
Dry t3rpes of wood with both Q. pubescens and Q. sessiliflora 
occur, the former being absent on the siliceous soils. 

Taxonomy. —^T. and T. A. Stephenson in the Journal of 
Botany for March give an account of OrcKis prcetermissa. 
Amongst other features on which this is held to differ from 
O. incarnata are the length and breadth of the lip, which are 
nearly equal in the latter, but in the former the length is 
appreciably the greater ; moreover, the markings are fine dots 
or streaks in place of the definite line-pattern of O. incarnata. 
In 0 . laiifolia the leaves are spotted or ringed and the lip-pattern 
consists of continuous lines. 

In the same journal Mr. Salmon adduces evidence that 
Gentiana suecica Froelich occurs in North Britain. 

During the i}^t year several papers of interest to systematists 
have appeared in the Annals of the Missouri Botanic Garden, 
notably the monograph on the Isoetaceae by Pfeiffer in which 
64 species are enumerated, of which two are new, namely, 
I. litkophila from Texas and I. ovata from British Guiana. 
Although the genus as a whole is a cosmopolitan one, the area 
of individual species is generally very restricted, only a few like 
Isoetes Braunii, in North America, exhibiting a wide range. 

In the Rep. Bot. Soc. and Exchange Club, Dahlstedt describes 
nine British Dandelions to which he gives specific rank. 


lOOXiOOT. By Rsginald Jamss Lvoroao, Pb.D., B.Sc,. Univonjity 
G>Uege, London. 

Protozoology.—Rhinosporidium seeberi is found in obtain 
polypoid growths of man, in which it usually occurs between the 
connective-tissue cells. Up to the present it has been regarded 
as having affinities with the Sporozoa; however, Prof. J. H, 
Ashworth has made a special investigation of its method of 
sporulation, as the result of which he has come to the con¬ 
clusion that its systematic position is with the Fungi. He 
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it lb the Phycomycetes, with th^ sub^order Chytridinec. 
P‘ On Bkinosj>onaium se^ert (Wernicke, 1903}, with Special 
Reference to its Sporuldtion and Affinities,’' Trans. Roy. Sos. 
Edin., vol. liii, Part II, No. 16, 1923.] 

The division of the nucleus of Amoeba proteus has been 
investigated by M. Taylor. Although a search was made 
though “ innumerable specimens at all times of the year, and 
It all hours of the day and night, in many cultures of amoeba, 
some of them so luxuriant that the bottom of the glass trough 
appeared whitish because of the enormous numbers of amoebe 
lying on it,” the writer failed to find one single example of a 
mitotic figure. Hence it would seem that the published figures 
of mitosis in A. proteus belong to the sporulation cycle of 
the life-history. The non-mitotic type of nuclear division 
which was found to occur involves division of the clumps of 
chromatin which occur just beneath the nuclear membrane, 
and division of the centrally disposed karyosome. The two 
parts of the divided karyosome separate and become sur¬ 
rounded by chromatin granules which constitute the daughter 
nuclei. The process is apparently initiated by the division of 
the chromatin granules which lie just beneath the nuclear 
membrane. 

Experiments carried out by B. Sokoloff on the regenera¬ 
tion of starved ciliates have led him to conclude that " re¬ 
generation power is something entirely different from ener^ 
of growth. The former has been observed even in infusoria 
which have suffered considerably from hunger; and when 
hunger has not too greatly weakened these infusoria, the 
regenerative capacity (up to its limit) is not lower, but on the 
contrary, greater. Specimens very much affected by hunger, 
having entered a state of depression, have a regenerative 
ability with a tendency to be realised, though they are unable 
to overcome the destructive power of depression ” {Jour. 
Royal Micr. Soc., 1923, Part II). 

Cytolop/. —^The effects of carbon dioxide on the consistency 
of protoplum have been investigated by M. H. Jacobe (Biol. 
Bull., vol. xlii. No. 1). It was found that a short exposure 
of various cells to this gas causes a decrease in the viscosity 
oi tlK protoplasm, while a longer exposure results in an increase, 
llie writer suggests that carbon dioxide may be an important 
factor in producing many of the natural chan^ in protoplasmic 
consistency which have hitherto been unexplained. 

T. 5 . Painter has made a study of the spermatogenesis of 
man. The material used c^msisted of the freshly preserved 
testes of two negroes and one white man. In each case forty- 
chromosomes were observed in the spermatc^onia. Two of 
dfaromosomea are sex chromosomes (X and Y components 
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of the X*Y sex-chromosome complex). The X and Y dvdmo- 
somes separate duriiig the first maturation division and travel 
towards opposite poles of the spindle. It was impossible to 
make decisive chromosome counts during the second matura¬ 
tion division, but the writer infers that the X and the Y 
components divide equationally at this time, and as the result 
half of the sperms will carry an X and half will carry a Y 
chromosome. 

In view of the controversy that has waged as to the occur¬ 
rence of parasynapsis or telosynapsis during the prophase of 
the heterotypic division of gametogenesis, it is of interest to 
note that H. B. Yocom, who has studied synapsis in the male 
germ cells of an hemipteran, Leptocoris, finds that telosynapsis 
occurs in this insect. (" The Occurrence of Telosynapsis in 
the Male Germ Cells of an Hemipteran, Leptocoris trimiatius,” 
Jour, of Morph., vol. xxxvii, No, 2.) 

The important work in genetics which has been carried 
out with the fruit-fly, Drosophila, gives special interest to a 
paper by A. F. Huettner on " The Origin of the Germ Cells 
in Drosophila melanogaster ” {Jour, of Morph., vol. xxxvii, 
No. 2). The “ germ-cell determinants ” in the egg of this 
insect seem to appear de novo in the posterior polar plasm of 
the late oocyte and also in the blastula at the time of differentia¬ 
tion of the polar cells. The writer assumes that they are by¬ 
products of the posterior polar plasm, which have nothing 
to do with the causal differentiation of the germ cells. The 
deciding factor which determines whether a nucleus shall 
become somatic or germinal appears to be the posterior polar 
plasm, which is to be regarded as a differentiated ooplasm. 
“ Any nucleus of the developing egg may be differentiated into 
a polar nucleus if it comes accidentally into the region of the 
polar plasm. If one daughter nucleus enters the posterior 
polar plasm, and the other remains in the general odplasm^ 
the latter becomes a somatic nucleus, while the former, sur¬ 
rounded by polar granules, becomes a polar nucleus.” 

Embryology and Histology. —^As the result of the examina¬ 
tion of a large number of frog embryos. Prof. A. Meek finds 
that in all cases the ” segmentation cavity ” is converted, by 
fusion with the secondary or neurenteric enteron, into the 
forward part of the enteron. These observations ” demon¬ 
strate that the frog and its allies come into line with the mero- 
blastic Amphibia and with the rest of the terrestrial Verte- 
brid;es ” {Q.J.M.S., vol. Ixvii, Part I). 

” The Action of Repeated Doses of X-rays upon the 
Developing Chick Embryo ” is the subject of a joint paper by 
H. A. Colwell, R. J. Gladstone, and C. P. G. Wakeley {Jwtr, 
of AneU., vol. Ivii, Part 1 ). It was found, in chick emmryoi 
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wiiich were irradiated immediately before incubation and 
then subjected to daily irradiations for several days, that 
growth was retarded, the irradiated embryos being invariaWy 
smaller than the controls. Within the limit of radiation 
investigated, the effects seemed rather to depend upon the 
total amount of radiation reaching the embryo than uwn 
its quality or “ hardness.” Investigation of the susceptibility 
of individual tissues and structures showed that the surface 
ectoderm, the central nervous system, and the eye were most 
affected. Other experiments which were carried out yielded 
results which indicate that exposure of embryos which have 
been allowed to incubate normally for a period of ninety hours 
and which have been exposed to X-rays for three successive 
da^ produces in some cases a certain degree of stimulation, as 
indicated by a slight increase in size. 

M, F. Weymann has investigated by histological methods 
the beginning and development of function in the suprarenal 
medulla of pig embryos. The earliest indication of the chro¬ 
maffin reaction (the formation in the medullary cells of chromium 
oxide as the result of the reduction of potassium bichromate 
by adrenalin) that could be detected was found in embryos of 
about 40 mm. At this stage of development the principal 
organs and s3rstems of the embryo are well established, so 
that ” it does not seem probable that any primary malforma¬ 
tions can be traced to disturbances in the epinephrin production 
of the embryo itself.” (“ The Beginning and Development of 
Function in the Suprarenal Medulla of Pig Embryos,” ^naf. 
Rtc„ vol. xxiv. No. 5.) 

The discovery by R-of. J. P. Hill of a true allantoic placenta 
in Perameles was of the greatest importance in regard to the 
phylogeny of the marsupial group and its relationship to the 
remainder of the Mammalia. In a paper on " The Yolk-sac 
and Allantoic Placenta in Perameles ” {Q.J.M.S., vol. Ixvii, 
Part II), T. T. Flynn confirms and extends Hill's observations 
in general, although differing on minor points. Placentation 
in the Marsupialia is considered to represent a degeneration 
from a more complex condition which existed in the original 
protoplacental group. A comparison is drawn between the 
early stage of the allantoplacenta in Perameles and that of the 
Carnivora, and it is pointed out that the cumulative type of 
placenta is evidently the more primitive. 

An important contribution to our knowledge of the pituitary 
body is a paper by F. J. Wyeth and the late R. W. H. Row 
tm ” The Structure and Development of the Pituitary Body 
isn Sphenodon" {Acta ZooL, Haft i, Are. 4). For this work 
tha investigators had access to Prof. Dendy's collection of 
S^^ktmihn embryos. They have been able to correct certain 
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inaccuracies in earlier accounts, and a number of imimrtast 
points, previously doubtful or unknown, have bi^ de¬ 
termined. 

From experiments conducted on the effect of X-rays of 
different wave-lengths on the tissues of the rat, S. Russ finds 
that about six times as much short wave-length energy as long 
wave-length energy must be expended in a layer of skin in 
order to produce equal reaction and that this factor falls to 
about 2*6 in the case of tumour growths {Proc. R.S., vol. xcv. 
No. B 665). 

H. B. Goodrich and J. A. Scott have carried out experi¬ 
ments to determine whether light has an influence on the 
growth of tissues cultivated in vitro. They found that poly¬ 
chromatic light from an incandescent electric bulb of not over 
270 foot-candles has no deleterious effect in the initial growth 
of cultures of the heart of the chick embryo. " Thus the 
illumination used in incubators and in ordinary microscopic 
observations is harmless. (“ The Effect of Light on Tissue 
Cultures," Anat. Rec., vol. xxiv, No. 5, Dec. 1922.) 

Osneral and Experimental Zoology. —C. Lehmann has investi¬ 
gated the sense organs of certain medusae (" Untersuchungen 
tiber die Sinnesorgane der Medusen," Zool. Jahr., Bd. 39, 
Heft 3). He finds that the tentaculocysts are not statocyi^. 
Medusae react towards gravitation not by a reflex action, but as 
the result of a variation in specific weight of the subumbrella 
and manubrium on the inside, and of the gelatin of the exum¬ 
brella on the outside. The tentaculocysts serve the functitm 
of nervous sensitivity; they have great influence upon the 
frequency and strength of contrajctions. From a critical 
survey of the literature of the function of the sense organs of 
the Ctenophores, it seems that the tentaculocysts of the medusss 
and the sense organs of the Ctenophores subserve approximately 
the same functions. 

C. W. M. Poynter and A. Moritz have carried out invest!^* 
tions on the influence of ultra-violet light on pond snails. 
They find that snail embryos present a wide range of individuid 
resistance to the action of ultra-violet light. Resistance 
increases with age. The effect of the rays upon the cells ^ 
the body is to produce coagulation of the cytoplasm, and tl^ 
coagulation has the same appearance as that produced by 
heat. " It seems possible that this coagulation is secondary 
to a chemical change set up by the rays. Evidently the 
effects of the rays are cumulative in their action, which il 
directly proportional to the length of the time of exposttpe la 
them. No evidence was found to indicate that the rays act 
on live protoplasm to produce a heat sensitivity^ but, on lha 
contrary, embryos died as quickly in the refrigerator as in 
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iacttbator.'* The Effects of Ultra-violet Light on Pond 
Snaihi (LimmiMms)/’ Jour, Expi. ZooL, vol. xxxvii, No. i.] 

A joint paper by A. Subba Ran and Prof. J. Bronte Gatenby 
on Bidder’s, organ deals with the distribution and structure 
of this organ in genera more or less allied to Bufo, some experi¬ 
mental work on the excision of the organ, and some cytological 
aspects of it. As the result of this work the writers conclude 
that in male toads, at least. Bidder’s organ is to be regarded 
as a group of abnormal oocytes. This is regarded as further 
evidence that the embryonic tendencies of the Amphibia towards 
a true hermaphroditism are persistent even in the adult, and 
that sex is very unstable in the Amphibia {Jour. Roy. Micr. 
Soc., 1923, Part I). 

“ The Pigmentary Effector System ” has been the subject 
of a series of papers contributed by L, T. Hogben and F. R. 
Winton to the Proc, R.S., vols. xciii, xciv, xcv. As the result 
of their experimental work they put forward the hypothesis 
that the colour changes of the intact frog are due to fluctuating 
activity of the secreting mechanism of the posterior lobe of the 
pituit^y gland in response to natural factors such as tempera¬ 
ture, light, humidity, or to the rapidity with which the melano- 
phore stimulant of the pituitary secretion is eliminated under 
the influence of similar agencies. " If this hypothesis is correct, 
the frog’s appearance is an indicator of its own state of pituitary 
secretion.” 

In the first of a series of ” Studies in Internal Secretion,” 
L. T. Hogben describes the effect of pituitary (anterior lobe) 
injection upon normal and thyroidectomised axolotls {Proc, 
R.S,, vol. xciv. No. B 660, Jan. 1923). ” While pituitary 

feeding was found to have no influence on the metamorphosis of 
medium-sized or sexually mature axolotls larvae of Amblyslomd 
Hgrinum, injection of anterior lobe extracts into axolotls of 
t»B same ages and dimensions was followed by the assumption 
of the adult characteristics, with a rapidity comparable to 
nMt^orphosis induced by thyroid administration, and be¬ 
ginning about two to three weeks after the initial injection, 
^ansplantation of the thyroids of a large sexually mature axolotl 
into a medium-sized individual was accomplished successfully 
without any production of metamorphic changes.” 

£. Uhlenhuth has compared the rate of growth resulting 
fitom the feeding of metamorphosed salamanders {Amblysiom^ 
cm beef liver, on anterior lobe of cattle hypophysis, and on 
earthworms. He finds that the liver diet causes a rate of 
giowth higher than that produced by earthworms and as high 
aa that produced by anterior lobe, but that anterior-lobe diet 
r^ptains ^owth iox a longer period and produces a larger size 
tiwa beef uver. ” Animals fed on anterior lobe may reach a 

*5 



3a« SCIENCE PROGRESS 

size 35*4 per cent, in excess of the size of the largest known 
normal animal of this species, while the largest liv^>fed imimal 
exceeds the normal maximum size of the species by only 
S per cent.” (" Further Facts regarding the Influence of 
Feeding the Anterior Lobe of Hypophysis on the Rate of 
Growth and the Size of Amblystoma tigrinum," Jour. Expt. 
Zool., vol. xxxvii, No. i.) 
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THE INTERPRETATION OF ELECTRICAL 
STIMULATION IN TERMS OF 
CHANGES OF HYDROGEN-ION CON¬ 
CENTRATION, AND THE PRODUCTION 
OF PERMEABILITY IN THE PLASMA 
MEMBRANE 

Bv DOROTHY HAYNES, D.Sc. 

Fr^m the D$partmini Pkmt PhysUhgy and Pathahgy^ Imperial CelUge of ScUmo and 

Technology^ London 

It is believed that a considerable part of the resistance which 
living tissues offer to the passage of an electric current is of the 
nature of an opposing potential, and that the study of bio¬ 
electrical phenomena has led physiologists to conceive of the 
plasma membrane as polarised even when unstimulated, 
while the nature of the membrane which is thus polarised 
remains still unknown, no theory having met with general 
acceptance, considerable advances have been made towards 
the solution of the problem of bio-electric phenomena, and it 
has been found possible, without the use of either metallic 
electrodes or strong acids and alkalies, to construct a number 
of systems which show potential differences comparable with 
those arising in living tissue. It is among these systems that 
the physiologist who seeks a mechanical model of the plasma 
membrane must make his choice, and the choice will be justi¬ 
fied in so far as the system chosen is capable of exhibiting 
other characteristics of the living membrane of the cell. It 
B generally recognised that changes of permeability are the 
nattural accompaniment of changes of polarisation, and any 
the<^ of the plasma membrane must therefore take account 
of the relation of these phenomexia, which in their turn should 
jbe osipable of furnishing an explanation of the phenomena of 
eacdthtion and the transmission of stimulus. 

It will be useful to review briefly from this standpoint the 
moie recent theories which have been put forward to account 
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for the electrical polarisation of the living ceil. They are of 
two classes 

1. Theories which derive bio-electrical phenomena from 
chemical action, and regard them as the result of oxidation 
processes. 

2. Theories which derive bio-electrical phenomena from the 
polyphasic structure of the cell in virtue of which living tissues 
behave as concentration cells of complex type. 

The evidence for the first point of view has been put for¬ 
ward very clearly by Lillie.* He has shown that there is much 
reason to believe that the transmission of stimulus is “ essen¬ 
tially a case of secondary electrical stimulation,*’ and he 
regards electrical stimulation as an alteration of the surface 
film by oxidation processes which are accelerated by the 
polarising effect of the current upon the membrane. Lillie* 
supports his view by a very interesting comparison with 
metallic surfaces in the active and passive states, and he 
shows that both stimulation and the propagation of stimulus 
may be accounted for on this hypothesis. Nevertheless there 
are great difficulties in its acceptance. Not only does it in¬ 
volve a specialised assumption—^that of an “ unstable readily 
reducible substance ” in the film which can be readily altered 
and " recovers its original constitution and physical properties ” 
during the refractory state—but also, like all other hy^heses 
of this class, it fails to explain the absence of any recMmisable 
heat effect in stimulation. This serious difficulty has led 
many philologists to look with more confidence to the second 
type of theory as an explanation of bio-electric phenomena. 

But even among those who accept some type of concentra¬ 
tion cell as the analogue of the living cell in respect of its 
electrical behaviour there is much difference of opinion, and 
further knowledge not only of biological but also of chemical 
processes is necessary before such differences of opinion can 
be finally resolved. Nevertheless, there is much that is common 
ground to all or most of the rival hypotheses of this class, and 
it would seem time to attempt to ascertain how far sudh 
common assumptions will carry us beyond the interpretation 
of the polarising process and to discover what further assump¬ 
tions are necessary in order to account for the changes Cl 
permeability which accompany changes in polarisation, for 
excitation m irritable tissues, and for the transmission of 
stimulus. 

A number of hypotheses agi^ in correlating the pcdar^- 
tion of the membrane with a difference of hydrogen i<m ctm- 

* Anur. JoUm. of PkysM., igsto, C, 40. 

* PkysM. R»v. 1922, 2. 



ELECniJCAt STIMULATION m 

oefitration within luad without the cell—polarisation of the 
membrane will then arise either as a consequence of a special 
permeability to one. ion, as Bernstein suggested for the hydrogen 
ion, or as a consequence of special impermeability to one ion, 
as in the case of a colloidal electrolyte giving rise to the Donnan 
equilibrium. Loeb ‘ has shown that in the case of gelatine 
chloride, hydrolytic dissociation of the protein salt will pro* 
duce a difference of hydrogen ion concentration on the two 
sides of a membrane impermeable to the protein ion, from 
which the potential difference can be calculated with fair 
accuracy. 

It may, however, also be assumed that the polarisation of 
the plasma membrane is due to its own content of electro* 
lytes. The writer has attempted elsewhere • to explain the 
phenomena of permeability in terms of a membrane consisting 
of a dense aggregation of particles composed of substances of 
ampholytic character in equilibrium with a definite concentra¬ 
tion of hydrogen ions; the polarisation of the membrane will 
in this case be determined by the acid reaction of the medium 
bathing it. A scheme of more definitely diphasic character 
has been advocated by Beutner,' who regards the plasma 
membrane as a lipoid film holding free acid in solution. 

This reintroduction of the lipoid theory would make potential 
difference determined by the salt content of the aqueous phase, 
but, it is to be remarked, that even in this case the potential 
difference which has been observed in systems of this kind 
must be correlated with a difference of hydrogen ion concentra¬ 
tion in the two phases. 

We have, then, a variety of ways in which differences of 
I^rogen ion concentration may be correlated with a polarisa¬ 
tion of the plasma membrane, and if it be assumed that the cell 
has a negative charge the effect of an increase of hydrogen 
ion cimcentration on the outer side of the plasma membrane 
may be expressed with precision. On Bernstein's theory it 
will drive hydrogen ions into the cell and reduce potential. 
If the difference of potential is due to a Donnan e.quilibriura 
arising from the presence of the anions of a hydrolysable 
c^loidal salt within the cell a similar effect will be produced. 
^ ampholytic membrane dissociating hydrogcm ions below 
its iao^ectric point will absorb hydrogen ions and reduco 
pptnrial in the same circumstances ; while a lipoid membrane 
containing free acid and having a negative charge owing to 
roaction with salt in the aqueous phase will also have its charge 

* iomm. Physiology, 1921,8. 667. 

^ XOSII* IB* 440. 

* IMs EntsUkmtg EUktrisehs skims t« Isbtndsn Gew^bsn, 1920. 
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reduced when the hydrogen ion concentration of thb aqueous 
phase is increased by increase of salt concentrations. 

On each of these hj^theses, then, an increase of hydrogen 
ion concentration outside the cell will produce a decrease of 
potential, and we have now to consider how such a change 
may be supposed to influence permeability. If the difforence 
of potential upon the two sides of the membrane is derived 
from a source outside the membrane either by selective perme¬ 
ability or by Donnan equilibrium, such a relation cannot easily 
be formulated, although in the latter case some small differ¬ 
ence of salt distribution will result, but where the membrane 
itself carries a charge it is easy to imagine that a sharp change 
of physical properties may accompany the neutralisation of 
the charge. For example, McBain ‘ has shown that the sols 
formed by colloidal electrol3rtes consist of micelle contain¬ 
ing charged particles and that the water content of these 
particles varies with their charge. At the point of minimi^ 
charge, which may be identified with the iso-electric point 
for a given ampholyte, permeability may be supposed to be 
a maximum owing to the dehydration of the particles. In 
a lipoid film change of potential must be associated with 
changes of surface tension and a continuous film would almost 
certainly break down at some definite potential. It appears 
to the writer quite probable that both effects may come into 
play and that the plasma membrane may consist of an aggre¬ 
gation of charged particles carrying lipoid films which in the 
least permeable condition of the membrane become con¬ 
tinuous from particle to particle. An increase of hydrogen 
ion concentration might then have a double effect, altering 
surface tension and breaking the continuity of the film at the 
same time that it caused dehydration of the particles and 
enlarged the free channels by which water soluble substances 
could pass into the cell. 

It will be assumed in the sequel that the plasma membrane 
contains substances which dissociate hydrogen ions and that 
the reaction of the medium with which the membrane b in 
contact defines the condition of equilibrium. It has been 
shown that increase of permeability would be likely to raudt 
when the charge upon such a membrane is neutralised, wd 
we have now to consider the matter in further detail in relation 
to the mechanism of stimulation. This is in effect to esmibine 
by what means changes of hydrogen ion concentration at 
the surface of the membrane may brought about. 

It is important to remember that in a complex system such 
as that presented by the living cell change of reaction may be 
due to a variety of causes. It is believed by physiologists 
* Proe. Roy. Soe., A. 1920, 87 ( 44- 
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that the reaction of protoplasm is controlled by buffer mixtures 
containing acid and alkaline constituents which dissociate 
according to equations of the type 

H,X ? HX‘ + H* 

MHX t HX‘+ M- 

The acidity of such a mixture is defined by the ratio (H,X)/ 
(HXi) and is normally increased by the addition of a neutral 
salt, since this decreases the dissociation of MHX. The writer ‘ 
has studied the action of salts upon buffer mixtures in some 
detail and has shown that the action of balanced mixtures 
such as Ringer’s solution may be explained on the assumption 
that such mixtures react with the buffer mixtures of the cell 
to produce the optimum hydrogen ion concentration in relation 
to permeability, while the antagonism of such ions as sodium 
ana calcium may be explained on somewhat similar lines. 

These effects are of great importance in connection with 
the theory of stimulation. Not only does the “ current of 
rest ” due to the direct action of salts receive a simple explana¬ 
tion, but it is also possible to explain the more complex 
phenomena of electrical stimulation. The following discussion 
IS confined to the action of salts upon buffer mixtures, as it 
appears to the writer that this is likely to be the predominating 
effect in most cases of stimulation; but it should be remarked 
that much of the argument may be equally applicable to the 
effect of salt upon hydrogen ion concentration when this is 
conditioned by the establishment of a Donnan equilibrium as 
a consequence of the presence within the cell of the non-diffusible 
ions of a partially hydrolysed salt. 

Nernst’s well-known formula* is an expression for the 
quantity of electricity necessary to produce excitation in a 
given case, but the basis of this theory has been somewhat 
obscured in English physiological literation. Hill' (1910) and 
Keith Lucas* (1912) both tend to express excitation as due to 
the separation of ions to which the membrane is impermeable, 
ahd they omit all consideration of the differences of salt con¬ 
centration which are produced. Nernst’s theory was, however, 
derived from a consideration of the manner in which such 
differences of concentration are brought about, and it is not 
unnecessary to lay stress upon this point since, though the 
‘ loe. cU. 

* » B ^ 

where < ie the enutllett current which will excite, 

I is the duration of the current, 

X, ^ 9 are constants. 

* Jmm. of Physiol., 1910, 40 ,190. 

* Proe. Roy. Soe„ B. 1912, 85 , 493 - 
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ph3'sicai basis of the theory is unimportant for its mttthe- 
matical development, it is of great sigpificaiOce in the develop¬ 
ment of a general theory of stimulation. 

In order to make the present discussion dearer, it will be 
advisable to recapitulate briefly the considerations put for¬ 
ward by Nernst * and demonstrated by him experimentally. 

The apparatus employed by Nernst consisted of a “ U ” 
tube containing phenol with a layer of water in each arm. 
Both liquids contained electrolyte and were in chemical equili¬ 
brium with one another. When a current of electricity is 
passed through a series of liquids arranged in this manner 
a change of concentration of electrolyte is produced at the 
two surfaces of contact in every case in which the transport 
number of the electrolyte is different in the two liquids. Let 
ni,n, be the transport numbers for a given electrol3rte in water 
and phenol respectively, and suppose the current to pass from 
water to phenol. At the boundary next the anode there will 
be an import of n^ cations and i-n, anions, and an export of n. 
cations and of i-n^ anions. The change of concentration will 
be the algebraic sum of these quantities and will be equal to 
nj-n, for cations and anions alike. There will, therefore, be 
increase or decrease of concentration at the anode according 
as Ui > or < n,. At the cathode the process is reversed, and 
there is increase or decrease of concentration according aa 
n, > or < nj. If the partition coefhcience between phenol and 
water is small, the whole change of concentration may be 
regarded as taking place in the aqueous phase. 

Nernst assumed that similar conditions prevail in the livipg 
cell, and that there is a semi-permeable membrane at the 
boundary of protoplasm of a similar character to that whidh 
exists, e.g., at the boundary between benzene and water. On 
this theory the semi-permeability of protoplasm is a conse- 
mience of the relative insolubility in it of certain salts, just as 
tne semi-permeability of a film of benzene is due to its inability 
to dissolve salts, although organic acids are readily solubte 
in it. It is not, however, necessary to Nernst’s theory that 
semi-permeability should be produced in this manner. The 
essence of the theory is the existence -of a semi-permeabls 
membrane at which differences of concentration will arim 
when a difference of potential is artificially produced. If this 
is itself polarised under normal conditions any change of con¬ 
centration at the membrane will tend to increase or diminish 
the existing potential difference, and to thb change stimulation 
is to be ascribed. 

Before considering the special difficulties which are attached 
to this theoryv^the effect of the presence of buffer solutions in 
> Ann. d. Physik., 1933, % 600. 
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tlie protoplasm must be discussed. It will be assumed that 
<^e socbum chloride b the principal electrolyte present and 
that the cation has the relatively greater velocity in the cell 
membrane. In this case the concentration of sodium chloride 
will increase at the cathode, and if buffer salts are present an 
increase of hydrogen ion concentration will result. At the 
anode there will be a corresponding decrease in the concentra> 
tion of sodium chloride with a resulting decrease of hydrogen 
ion concentration. Cathodic excitation can thus be correlated 


with increase of hydrogen ion concentration and the produc¬ 
tion of permeability, and as hydrogen ions are driven into the 
membrane at this point, the cathode reg^ion will be that at 
which the current enters the tissues and will thus be negative. 

There are two points of difficulty in connection with Nernst's 
theory of excitation : 

a The fact that a slowly increasing current will not excite. 
The occurrence of anodic excitement at break, 
e first of these difficulties has been met by the hypothesis 
of an " accommodation ” of the membrane—a depolarising 
process taking place at a rate which makes it ineffective when 
polarisation is rapidly induced. Some attempt has been made 
to explain " accommodation ” as a consequence of the colloidal 
character of the membrane, but without much success, and 
the h3rpothesis remains little more than a statement of the 
depolarising process. A better explanation is afforded by the 
leakage of salts across the membrane during the period of 
partial permeability—^that condition of the membrane which 
becomes evident during the “ relative refractoiy state.” 
During this condition the time factor is of great significance. 
Given sufficient time, any difference of concentration produced 
iW the current will equalise itself by the process of diffusion. 
It we abandon the simple assumption made above that sodium 
Cfalcaride carries the whole current and take into consideration 


that the salt NaHX will also tend to concentrate at the cathode 


afid diminish at the anode, we have an intensification of this 
effect. Concentration of this salt will tend to diminbh hydro¬ 
gen ion concentration, and since it will diffuse more slowly 
owing to its greater complexity and less ionised condition it 
will produce a greater effect the longer the time available for 
diffusion. Anodic excitement seems to be susceptible to a 
siinilar enlanation. 

Any theory of stimulation must take into account not 
only those phenomena which have been discussed above, but 
also those relating to the existence of a ” refractory state ” 
to the propagation of stimulus and to the production of nor- 
eoais. it is suggmted here that the refractory state and the 
propagation of stimulus are due to one and the same cause— 
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the production of permeability. We have hitherto assumed 
that the polarisation of the membrane is due to the chemical 
composition of the membrane itself, and we have left uncon¬ 
sidered the reaction of the cell contents. If, however, we 
assume that the liquid inside the cell is slightly more acid 
than that which bathes the outer surface of the membrane 
it is possible to suggest an explanation of these phenomena. 
The order of events will then be as follows. Concentration of 
salt at a point on the outer surface of the membrane will pro¬ 
duce an increase of hydrogen ion concentration at this point; 
permeability will ensue and the cell contents will tend to 
diffuse outwards ; the hydrogen ion concentration wll then 
be raised above the permeability point and will induce a 
'* refractory state.” From this point of maximum hydrogen 
ion concentration acid will diffuse and at a certain distance 
from this point the reaction corresponding to permeability will 
again be reached and the process set in train once more. 
On this hypothesis the medium bathing the membrane in 
its refractory state is at a hydrogen ion concentration above 
that corresponding to permeability—while in the normal state 
the hydrogen ion concentration is below this point ; the medium 
will therefore pass through the concentration corresponding 
to permeability in recovering its normal condition—and,, in 
order to avoid this dilemma, it is necessary to suppose that 
the membrane itself undergoes some change when it is brought 
into contact with the cell contents. Such a supposition is not 
improbable, for the membrane must be in chemical equilibrium 
with the aqueous layer adjacent to it, and may well absorb 
certain of the soluble constituents of the cell contents in these 
circumstances. 

Narcosis .—^The hypothesis outlined above receives some 
support from a consideration of the action of narcotics. 
There is much reason to believe that narcotics produce a 
decrease of permeability. They should therefore, in accord¬ 
ance with the present theory, produce also an increase in the 
ionisation of the membrane. TTie writer has shown that the 
action of alcohol on buffer solutions is to produce a marked 
increase of alkalinity and that this is likely to be true of many, 
water-soluble non-electrolytes. Since, however, most narcotics are 
only very slightly soluble in water this effect will be very small 
in most cases and the characteristic action of narcotics must 
be otherwise explained. The peculiar ph3rsiological effects of 
alcohol may quite possibly be due in part to its effect upon 
the water soluole constituents of the cell, but the more g£n«‘al 
effect of narcotics must be due to their absorption by the cell 
membrane. This will affect the dissociation of the electro¬ 
lytes of which the membrane is composed. It is desired to 
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diltw attention here to two effects which are likely to be of 
especial importance in connection with the theory of narcosis. 

(1) The action of non-electrol3rtes upon ampholytes. Mi- 
chaehs has shown that at the iso>electric point 

where Ka Kb are the acid and basic dissociation constants 
of an amphoteric electrol3rte, and K is that of water. The 
addition of a non-electrolyte will modify these values, and 
Arrhenius ‘ has shown in his work on the action of non- 
electrolytes in reducing the conductivity of electrolytes that 
the less an electrolyte is dissociated the greater will be the 
effect of a non-electrolyte upon its degree of dissociation— 
other things being equal. It is therefore probable that Ka 
and K6 will be differentially affected and that if the membrane 
consists of acid ampholytes for which Ka > Kb, the value of [H*] 
will be increased. This effect has not yet been experimentally 
investigated even for simple amphoteric electrol^es, and in 
the case of colloids the matter is rendered still more uncertain 
by our ignorance of the manner in which proteins and other 
colloidal ampholytes are dissociated and of their condition at 
the iso-electric point; it must therefore be left as a suggestion 
which at present is beyond the reach of verification. 

(2) There is, however, another effect more easily verified 
and possibly of greater importance. If the lipoid film which 
constitutes the plasma membrane contains free acid this 
content of acid will be modified by the absorption of non- 
electrolytes. Where substances such as ether are in question 
it will generally be increased—it is worth noticing that the 
acids most important in animal and vegetable metabolism, 
lactic and malic acids, are especially soluble in ether—^and the 
effect of this increase of acid content may be to increase the 
polarisation of the membrane and thus to reduce perme¬ 
ability. 

If narcotics decrease permeability, and the production of 
permeability is the condition for the transmission of stimulus, 
their effect upon transmission can be easily understood. For 
a nven stimulus the area of the membrane rendered perme¬ 
able will be smaller and it may be only where the increase of 
hydrogen ion concentration due to the original excitation is 
still felt that the stimulus will be propa^ted. 

A few words are necessary in conclusion as to the assump¬ 
tions which have been made in connection with the foregoing 
t^ry. The concept of a semi-permeable membrane has been 

^ ZeUsek, f. Pkysih. Ckem., 1892, 9 , 487. 
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left undefined. If a membrane is impermeable to electrplytei 
this may be due to complete impermeability either to both ions 
or to one. In the latter case the polarisation of the membrane 
will be affected, and if hydrogen ions are those which pass 
through, they will tend to form a double layer and to neu¬ 
tralise a negative charge upon the membrane when they are 
present in higher concentration within the cell than outside 
It. Such a concept has much to recommend it and is in 
complete conformity with the present theory of stimulation. 
This theory has been elaborated for the particular assump¬ 
tion of a membrane in contact with a medium at a hydro|[en 
ion concentration below that corresponding to permeability. 
This medium has been supposed to be relatively more permeable 
to cations than to anions, and it has been shown that in these 
circumstances excitation and production of permeability will 
occur at the cathodes. If the hydrogen ion concentration b 
above that corresponding to permeability and the membrane 
is more permeable to anions than to cations, cathodic excita¬ 
tion will again occur, for in this case there will be diminution 
of hydrogen ion concentration at the cathode. It may be 
suggested that differences in the condition of the plasma mem¬ 
brane afford a simple explanation of the phenomenon of posi¬ 
tive and negative reaction to such stimuli as that of gravity. In 
the root and stem, for example, it may be supposed that the 
root cells are maintained above the permeability point by the 
action of salts while those of the stem are below this point, in 
which case the condition for maximum permeability in the 
root would be the condition for minimum permeability in the 
stem. 

Summary 

A number of theories postulate a difference of hydrogen 
ion concentration between the protoplasm of the living cell 
and the medium which bathes its outer surface. It is pointed 
out that the electrical polarisation of the plasma membrane 
can be explained in terms of this difference of concentration, 
and that if the hydrogen ion concentration also determines 
the physical condition of the plasma membrane changes of 
hydrogen ion concentration will also condition changes of 
permeability. 

According to Nernst's theory the excitation produced by 
the passage of an electric current through living tissue is due 
to the changes of salt concentration which it produces at the 
surface of the plasma membrane. It is shown that in a buffer 
mixture these changes of salt concentration will produce 
corresponding changes of hydrogen ion concentration, and on 
the above hypothesis will increase or decrease the permeability 
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oS the membrane. Excitaticms may thus be explained as diie 
to the production of permeability at a point of the plasma 
membrane by a raising or lowering of the hydrogen ion con¬ 
centration at this point. 

The propagation of stimulus may be explained by the 
same hypothesis thus : If increase of hydrogen ion concentra¬ 
tion produces this effect and the liquid inside the cell is slightly 
more acid than that outside it, the production of permeability 
Mali allow acid to leak through the membrane and Mali raise 
the reaction to a hydrogen ion concentration at which the 
membrane is again impermeable. From this point of hyper¬ 
acidity hydrogen ions will diffuse and at a certain distance 
from the point the concentration corresponding to perme¬ 
ability will again be reached and the process once more set in 
train. The condition of hyper-acidity may be identified with 
the " refractory state.” 

Narcosis can be interpreted as a condition of lessened 
permeability resulting from a decrease of hydrogen ion con¬ 
centration in the liquid in contact with the membrane, or 
more generally to greater polarisation of the membrane as a 
consequence of an alteration of its acid content or of the degree 
of dissociation of the acid substances which it contains. 
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Physics Department, British Photographic Research Association Laboratories 

Nearly everyone who is interested in photography has, at 
some time or another, handled a modern photographic plate, 
but probably only a few have any idea of its structure or of the 
problems facing the research worker in photographic science. 
In the photographic industry—as in every other—the last few 
years have witnessed an increasing application of scientific 
thought and research, and it is proposed to give here an outline 
of some of the recent advances which such research has made 
in our knowledge of the theory of the photographic process. 

When a photographic plate is exposed in the camera and 
then developed, a “ negative ” is obtained, i.e. a picture of the 
original in which white is reproduced as black and black as 
white. The extent of the blackening which is produced in the 
negative at any particular point depends on the exposure which 
that part of the plate has received. The scientific name for this 
blackness is the photographic density, which is strictly defined 
as the logarithm of the optical opacity, i.e. of the ratio of the 
intensity of light incident on the plate to that transmitted. 

The greater the quantity of light energy which a photo¬ 
graphic plate receives, the ^eater is the density produced on 
development, up to a certain limiting value varying with the 
kind of plate. The curve obtained by plotting the density 
against the logarithm of the amount of light energy which 
produces it is called the Characteristic Curve, a name originated 
D3r Hurter and Driffield, the pioneers of modern photographic 
science. As the name implies, the actual shape of the curve 
depends on the emulsion. To those in the industry this curve 
is of immense importance, because an examination of it 
indicates to them the suitability of the emulsion for any 
particular purpose. Naturally, therefore, the main problems 
in which photographic research workers are interestea are the 
causes of the formation of such a curve. 

Let us first examine its significance from a theoretical point 
of view, and see what is the real cause of the density or blacken* 
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ing which is produced in photographic plate on development 
after exposure to light. Tne light sensitive emulsion consists 
essentiall;^ of minute crystals, composed mainly of silver 
bromide, iodide, or chloride, and embedded in a layer of gelatin. 
The linear dimensions of these particles, or grains, are of the 
wder of a wave-length of visible light, i.e., about one two- 
thousandth part of a millimetre. Their size depends on the kind 
of emulsion ; on the average the most sensitive, or " fastest,” 
emulsions consist of large grains up to as much as one-hundredth 
of a millimetre across, while small grains are generally character¬ 
istic of the ” slower ” kinds of emulsions. TTie photographs 
in Fig. I are typical examples of these two kinds. It will be seen 
that the large grains are mostly of definite crystalline shape and 
the smaller ones, though appearing as spherical particles, have 
been shown to possess the same crystal structure. 

It has been known for a very long time that the blackening 
produced in a photographic negative is due to the chemical 
action of the developer on the silver haloid, resulting in its 
reduction to metallic silver. The greater the density, the 
greater is the fraction of the total quantity of silver bromide 
in the film which is changed to silver, the maximum density 
corresponding to the case where there is no silver bromide 
left unreduced. 

Now, having realised that the emulsion consists of individual 
and distinct particles, the reader can at once conceive of two 
ways in which this total quantity of reduced silver can be 
made up. In the first place, it may be that a part of each and 
every grain becomes opaque, i,e. is changed from silver bromide 
to silver, on development. Thus, for example, if the density 
were one-tenth of the possible maximum, this would mean that 
one-tenth of each grain had been reduced ; if it were one-half, 
that one-half of each grain had been reduced, and so on. In 
this case the fraction of each grain which was made reducible 
would increase continuously with the exposure. Secondly, it 
may be that a certain number of all the grains present is made 
reducible, each of the remaining grains being absolutely 
unchanged. In this case a grain is either completely reducible, or 
not reducible at all. There is no intermediate possibility, and at 
scnne moment during the time that the plate is exposed each 
grain which becomes developable must undergo some sudden 
change in its character. 

It is very easy to find out which of these processes takes 
place. All we have to do is to examine a photograph of an 
emulsion after it has been exposed and developed. One of 
these is shown in Fig 2, where the emulsions are the same 
as those ih Fig. i. This tells us at once that it is the 
latter process wmch occurs, for the grains are either c(mipletely 
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reduced by the developer, or Absolutely unchanged, as in tile 
first figure. 

It follows from the above that a big density means a la^ 
percentage of grains changed, a small density corresponds with 
a small percentage chai^d, and so on. Thus the ordinary 
characteristic curve, which shows that there is a continuous 
increase of density with exposure, is essentially an expression 
of the fact that each individual grain behaves differently under 
the influence of light, for they all become developable at 
different times. 

These facts provide sufficient evidence for it to be said that 
the characteristics of a photographic emulsion must depend, 
first of all, on the behaviour of the individual grains in it, and 
that a complete theory of the photo^aphic process can be built 
up only on a knowledge of the way in which these single grains 
behave under the influence of radiation. The search for the 
true law of the behaviour of these grains is one of the most 
fascinating problems of present-day research. 

The fact that the individual grain is the fundamental unit 
and that its behaviour in relation to the exposure is of primary 
importance was recognised in the years immediately following 
the war. Professor The Svedberg, of Upsala University, 
Sweden, seems to have published the first paper in this con* 
nection in the Zntschrifi fUr Wissenschaftliche Pkotopaphit in 
ipao. About the same time R. E. Slade and G. I. Hisson 
of the British Photographic Research Association were working 
along the same lines, and A. P. H. Trivelli and others of the 
Eastman Kodak Company, under the direction of C. E. K. Mees, 
were investigating the microscopic structure of emulsions. 

The problems which confronted all these workers were 
these : What is the nature of the sudden change which occurs 
in grains which are made developable ? What is the process 
by which the light causes it ? Why is it that the chanM occurs 
at different times in different grains ? Can the conditions in 
the emulsion be made such that the change takes place in every 
grain simultaneously 7 

Svedberg suggested certain possibilities in answer to this 
last question. In effect he said that the fact that all the grains 
were not changed simultaneously might be explained thus: 
In the ordinary commercial plate the layer of emulsion has quite 
an appreciable thickness, so that grains " deep down " are very 
often covered by other gmins nearer the surface (see Fig. 3). 
This means that some receive more light than others. Svedbt^ 
suggested that if every grain were fully exposed to the incident 
raaiation, they would all be changed simultaneously. This 
however, he easily proved not to be true by making a specia 
plate with such a thin coating of emulsion that all the grains 
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ki a single layer; he found that they still became develop¬ 
able at different times. Fig. 2 is, indeed, an illustration of this 
fSct. Next he suggested that the difference in behaviour 
might be due to the fact that the grains vary in size and that 
if they were all of the same dimensions they would behave 
identically. But as the result of further experiments he came 
to the conclusion that lack of uniformity was not the cause 
of the varying behaviour of the grains ,* Slade and Higson 
came to the same conclusion independently about the same 
time. 

The only difficulty about accepting these conclusions as 
unquestionable was that in no case had these workers experi¬ 
mented with grains that were really the same size, for in the 
most uniform emulsions they had used there was a variation in 
volume of several hundred per cent. However, towards the end 
of 1921 their conclusions were confirmed beyond doubt by further 
experiments in the laboratories of the British Photographic 
Research Association, the grains used being so nearly identical 
geometrically that their behaviour in the theoretically perfect 
case of absolute uniformity could no longer be doubted. 

Early in 1922, then, the position was this. It had been 
proved that if a photographic emulsion could be made con¬ 
sisting of a single layer of grains which were absolutely identical 
both in size and shape and in every way indistinguishable from 
one another, and which did not overlap and wWch were also 
similarly oriented to the incident light, they would still behave 
differently. 

Actual experiments indicated that some grains required 
roughly two hundred times as much light energy, incident 
on unti area of the plate, as others, in order to make them 
developable. 

There is no a priori reason why the actual change which 
takes place should not be the same in every grain, but without 
considering the nature of the change, we may proceed to discuss 
the attempts which have been made to explain the facts set 
out above. 

A little consideration will show that there are two funda¬ 
mentally different points of view from which the problem can 
be approached. We have to explain why grains which are 
apparently identical in every way, behave differently. The 
significance of the italicised word lies in the fact that the grains 
may not really be identical at all, but very complicated and 
heterogeneous systems. From this view-point it may easily 
be that the amount of light energy required to make a grain 
developable is different in every case, so that even though 
vrrxy gnun has received the same amount of light energy 
in a given time only a cortain number will be developable. It 

16 
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will be shown later that there is a great 4ea1 of evidence in 
favour of some kind of heterogeneity of the grains. 

On the other hand, we can start with the assumption that 
the grains are, as they appear, identical in every way, but that 
the light energy is not distributed equally amongst them. 
Such a thought leads the physicist at once to Einstein’s view'of 
Planck’s Light Quantum theory, in which the light enerw is 
considered as emitted, transmitted, and perhaps absorbed, in 
finite discrete quantities. From this point of view each grain 
becomes developable when it is hit by one, or more, of these 
light quanta, the number of grains which are changed under 

g iven conditions being governed by the probability of their being 
it. 


Before considering in detail the evidence in favour of each 
of these theories, let us study briefly the mode of development 
of the grains. 

It has been generally believed that the primary action of the 
light on the grains is to form in or on their surfaces certain 
“ centres ” or “ points of infection,” which are actually the 
joints from which development starts. As long ago as 1911 
Chapman Jones showed that by stopping development almost 
immediately after it was started, there could be obtained on the 
grains particles of silver which, though so small that they can¬ 
not be seen in the microscope, can be shown to be present by 
enlargement to visible dimensions by the deposition on them 
of mercury. In 1917 Hodgson, in America, showed that by 
stopping the development at a somewhat later stage, silver, 
formed by the developer, could be observed around certain 
points only in the grain. Working along the lines suggested 
by Hodgson, Svedberg, early in 1922, showed that the centres 
of development occur evenly over the surface of small spherical 
^ins such as those shown in Fig. 4A (which is a reproduction 
mom one of Svedberg’s papers), and are distributed amongst the 
grains according to the laws of chance. Independently and 
about the same time, it was shown in the British Photographic 
Research Association laboratories that the same laws held if 


the grains were flat plates such as occur in highly sensitive 
emulsions, only in this case the centres were distribifted mostly 
around the edges of the crystals, (c/. Fig. 4B.) Svedberg’s 
proof that the centres occur on the surface in the case of 
spherical grains is most ingenious and is worth describing in his 
own words: ” A number of photomicrographs ... as in Fig. 4A 
were prepared. . . . The clearest parts were sought out and 
examined at high enlargement on a screen. A series of circles 
were drawn on paper and the image of each of the halide ^ins 
containing a developed centre was made to coincide with one 
of these circles, and the position of each developed centre 
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marked on the paper. In this way I had the position of 344 
centres indicated on six circles. By means of an ordinary 
photographic enlai^ment apparatus the six circles were 
reduced to the same size, and all printed on the same surface 
(see Fig. 5). An inner circle was drawn with half the radius 
of the outer one, and the number of centres without and within 
this circle counted. The values found were 213 and 33 respec¬ 
tively. Thus the ratio between the number of centres on both 
sides of the border line is 6*6. Then calculating the ratio 
to be expected according as the centres are distributed on the 
surface of a sphere or throughout its volume, he obtained the 
values of 6‘S and 1*9 respectively. This is conclusive proof 
that the centres are distributed on the surface. Since in the 
case of flat grains the majority of centres are on the edges (and 
must therefore be on the surface) it is fairly safe to assume that 
for all kinds of grains the centres which cause development are 
located on the surface. 

It is easy to prove that the centres are distributed amongst 
the grains according to the law of probability. This tells us 
that the chance (P,) of the distribution of N centres between a 
grains resulting in any one grain having r centres is 

Pr-(iV/a)'. /f! . . (i) 

This formula was tested by direct counting of the centres. 
Svedberg found that it held just as well when the grains were 
exposed to X-rays as when they were exposed to light. 

Now for a grain to be developable it must have at least one 
centre, and it can easily be shown that the chance (P) of this 
happening is 

P - I — a"” . . . • (3) 

where p — N/a — average number of centres per grain. But 
P is also the fraction of grains changed, which we will denote 
by k/N, so that 

log, NliN-k)^v , . . (3) 

which gives the relation between the fraction of grains chan^d 
and the correspond^ number of centres. 

There is one point in regard to the centres which may be 
dealt with here. It is a well-known fact that many r h «»rnicftl 
reactions between solids and liquids commence at corners and 
sharp et^es where the solution pressure is highest, and this fact 
alone might at first sight appear to be the explanation of the 
inititd localisation of development at certain points. But 
evidence given in a recent paper by the author shows that it 
is practically impossible for this to 1^ the case. 

We are now in a position to discuss the rival theories brought 
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forward to explain tlte behavioiur of the grains under idle 
influence of radiation. j 

The Light Quaktum Theory of Photographic Exposoiib 

The idea that the difference in the behaviour of the grains 
is due to the structure of light is being made the subject of an 
exhaustive theoretical and experimental investigation by the 
Eastman Kodak Company. The theory has been thoroughly 
worked out by S. L. Silberstein in recent papers ra The Philo¬ 
sophical Magazine. The essential idea is that a grain must be 
hit by one or more than one light quantum in order to become 
developable. The light energy is assumed to be transmitted 
from the source to the plate in finite discrete “ darts,” the enerCT 
contained in a single dart being directly proportional to the 
frequency of the light. Silberstein has shown that for ^ains 
of a gfiven area of cross-section, the fraction of them which will 
be hit in a given exposure is given by 

A/AT-i —«-"• .• . (4) 

and since by equation (3) 

log.iV/(iV-/fe)-»* 

.'. V na, 

where k is the number of grains developable out of a total of H 
per unit area of the plate, a is the cross-section of a single graia 
and n the total number of light quanta which impinge on the 
plate. 

When Svedberg’s paper on the distribution of the devek^ 
able centres was published, the suggestion was put forward that 
these points represent the actual places where the light quanta 
strike the grains. But this is almost impossible, since if at 
were true, the centres, in the case of spherical grains, should 
not be distributed equally over the surface, but over its projectvi 
area, which is a very different thing. Similarly in the case of 
flat grains they should be distributed evenly over them, and not 
concentrated on the edges. It seems to the writer that the idea 
of the centres being the actual joints of bombardment may ha 
definitely ruled out of coiut. This, of course, in itself does not 
disprove Silberstein’s equation, since it is just possible, though 
highly improbable, that the grains, while subjected to bombardi^ 
ment by quanta, do not start to develop at the points whejns 
they have been struck. Equation (4) cannot therefore be ro* 
jected until it has been tested by direct experiments. 

Such tests have already be^ commenced by A. P. 
Trivelli and L. Righter in the Kodak Company's lAboratortea. 
Now obviously the sinqilest possiUe case to take is that of aata^ 



ADVANCES IN l»HOTX)GRAPHlC SCIENCE 341 

lill^ns all of the same sice and shape, so that a has a perfectly 
Amite exact value in each set, and is not an average of a large 
number of widely different values. Unfmtunately they did 
net do this, considering, instead, this very special case:— It is 
Aund fco* some emulsions in which the ^ains are not all 
separate but are grouped together in clumps, the clump develops 
as a unit, the only condition necessary and one that is sufficient 
for its developability being that one of the grains in it is in 
itself developable. Using such an emulsion, Trivelli and 
Righter tested equation (4) for various sized clumps, a being 
the projected area of a clump instead of that of a single grain. 
They did this in order that they might get a much bigger 
variation in a than was possible by using single grains, and so 
provide a more severe test of the theory. The results of their 
main experiments are 
shown by the curves in 
Fig 6. The smooth curve 
represents the theoretical 
values of */N for a fixed 
eiqiosure (i.c. n - constant) 1 
and varying values of a. T 
It will be seen that only -g, 
in one case is the agree¬ 
ment fairly good. There 
is certainly room for doubt 
if these experiments really 
deport the theory. 

When the equation is 
tested in the simplest case 
ol single grains, in which 
every grain in a set has the same size and shape, it breaks 
down completely. The evidence on which this statement is 
based is fully described in a recent paper by the author in 
1 ^-ke philosophical Magazine; lack of space prevents a discussion 
of it here. 

^Iberstein discusses in a second paper the possibility that 
only a part of the grain is vulnerable to the bombardment of 
tite light quanta, i.e. he assumes that all parts of the grain are 
not equally sensitive to the Kght. This idi^aMnnnot be tested 
without Imowledge of the actual quantity of light energy 
incident, and experiments to ascertain it are now Iwing 
ttadertaken in the Kodak laboratories. 

Any experimental evidence bearing on this theory is 
meceedingly important, not so much for its photographic sig> 
Idicance—^thot%h this is very important—as fw its contribution 
to the solution of one of the greatest problems of modern 
lAyvics, the structure of radiation. Silberstein and his co- 
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^vwkers claim that their exp«rimeiits support their t^wtiQ«|r 
to a considerable extent. But the divergencies between tl»iwy 
and experiment which have been referred to are very 
fo much so that they seem to show definitely that Silberstein'f 
equation, or any other of the same general type, is 
fundamentally wrong as expressing the true mechanism of 
photographic exposure. 


The Heterogeneity of the Silver Haloid Grain 

There is now a mass of evidence, the accumulation of years 
of research, in favour of the view that the grains of a pncAo* 
graphic emulsion are not pure silver haloid (xystals, but are 
very complicated and heterogeneous systems. It is impossible 
in a short space to describe these researches in detail; only a 
brief summary of those which are most important can be given. 

Luppo-Cramer has carried out a great number of experiments 
which have convinced him that the grains of a photographic 
emulsion contain a certain amount of silver. W. Reinders 
has shown experimentally the possibility of the existence of 
gelatin in the grains, and he attributes the high sensitivity 
to the presence of gelatin. W. D. Bancroft, Quincke and 
others apparently hold the same view—^that the high sensitivitv 
of photographic plates depends on the system silver haloid^ 
gelatin. Trivelli and Sheppard, in a recent monograph on the 
Silver Bromide Grain of Photographic Emulsions, say “ ^ 
crystalline structure of silver bromide in photographic emulsions 
is more complicated than that of silver bromide alone, not in so 
far as that one has to do with another lattice structure, but 
rather that the crystal lattice contains more or less regularly 
distributed foreign bodies which greatly affect the optkiiy 
properties of silver bromide and, as Reinders has demonstrated, 
probably exert a very great influence on the light-sensitiviiy 
of the bromide.” There is no doubt at all that the gelatin play* 
a very important part, and every manufacturer knows that 
different gelatins may give absolutely different kinds of 
emulsions. 

After an emulsion is first precipitated it is subjected to file 
process of ” ripening,” a treatment which very lately increasos 
its sensitivity. Now in this ripening process the grain sloe 
very often increases and one might expect a big grain to be 
more sensitive than a small one. But there are cases in whieii 
the ripening is accompanied by veiy little change in griflik 
size, and yet the light sensitiveness of the emulsion is enormoully^ 
increased. Such cases arc very difficult to explain on wk 
assumption that the grains consist of pure silver haloid. f 

In this connection some very important experiments 
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rnmai/^ been perfonned in the British Photographic Re$earch 
AiMidbUiion laboratories by Wv Qark. It is well known that 
oerta^ chemical reducing agents have an effect on the photo> 
graijm plate similar to that of light, i.e. in such a way that some 
the grains can be reduced to silver by treatment with a 
developer. Such a substance is sodium arsenite. Clark found 
that when a plate which has been immersed in this solution for 
a suitable time is partially developed, the centres from which 
development starts are not only distributed amongst the grains 
according to the same law of chance as holds in the case when the 
exposure is to light, but they have actuallv the same topo¬ 
graphical distribution, i.e. both the light and the sodium arsenite 
appear to act on the same points in the grains. Are these points 
silver haloid ? Clark answered this question by an investigation 
of the action of sodium arsenite on pure silver bromide, and 
concluded that there was none. From these experiments one 
is forced to the conclusion that there is a substance in the 
grains which is not silver bromide and that it is this substance 
on which both the light and the chemical reducer first act. 
This means that the light sensitivity of the grains is due 
chiefly to the presence of this substance. If, therefore, the 
small traces of it can be removed the sensitiveness of the grains 
will be reduced enormously—reduced, in fact, until their new 
sensitiveness is that of pure silver bromide itself. The relative 
reduction in sensitiveness will be greater in the case of a specially 
sensitive emulsion than in the case of a comparatively insensitive 
one, since in the latter case the sensitivity due to the centres 
is more nearly equal to that of the silver bromide than it is in 
the former. How were these “ vital points ” to be removed ? 
<^k made use of the fact that the latent image, i.e. the product 
of the light action in the grains, can be removed by chromic 
acid. Two pieces of a highly sensitive plate were taken, which 
for simplicity we will call A and B. A was exposed to an 
hitensity such that, if developed, all the grains would be changed. 
the result of this was that all the specially sensitive points in 
A were changed by the light, whereas those in B which had not 
been exposed had not Men affected in any way. A and B 
seere then placed together in chromic acid (withoi^t developing 
A|l> so that all the special points in A were dissolved out while 
tAose in B were not. 

: After being washed and dried A and B were then exposed 
iK^^har in the ordinary sensitometric apparatus which is used 
■$ot cmnparing the sensitiveness of different plates, and it was 
foimd that B was always much more sensitive than A. Further, 
it found, exactly as predicted, that the plate sensitiveness 
could not by this means be reduced actually to zero, but to some 
constant so^l value which was very nearly the same for all 
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plates, corresponding with the sensitivity of the sillier 
Itself. A few of the figures which were obtained in tiMpe 
experiments may be given. Those riven below are known to 
the technical man as true H. and D. speeds,».«. the speed of 
the plate as measured in the way originated by Hurtw and 
Driffield. 

We may take these numbers as being the relative son* 
sitivities of the different plates. 

Case I 

i a) Sensitiveness of untreated plate —315. 
b) Sensitiveness after treatment with chromic acid — 68 . 
c) Sensitiveness on treatment with chromic acid after 
preliminary exposure =• 5. 

Case 2 

(o) Sensitiveness of untreated plate -215. 

(6) Sensitiveness on treatment with chromic acid « 105. 

(c) ^nsitiveness on treatment with chromic acid after 
preliminary exposure — 5. 

These results are only some of those obtained and which 
were all of the same order. It will be seen that the mere f^ 
of giving a preliminary exposure, followed by treatment with 
the acid, reduces the sensitiveness of the plate to one>fifteenth 
or one-twentieth of its value. This is because the most vital 
points in the grains have been removed. In the case of a slow 
plate, Clark still found a difference between (6) and (c), but, as 
we expected, it was not nearly so big as for a fast emulsion. 

These experiments show that the.centres are particles of 
a substance which is not silver bromide, and that the extreme 
light sensitivity of the emulsion is due mainly to their presence. 
The similarity between this conclusion and the phenomena of 
phosphorescence and fluorescence is very striking, for some 
substances which, when pure, are not luminescent possew 
this property to a remarkable degree when minute traces of 
an impurity are present. 

The discovery of these reduction centres opens out many 
new lines of research. Of what are the centres composed ? Do 
they consist of one definite substance, which is always the samo 
whatever the emulsion may be ? How and when are they 
formed and what exactly happens in the ripening proce^? 
What is the part they play in the reduction of the silver haloid 
WTiat is the nature of the change which is brought about by 
^ light ? The solution of these problems is of tiemendoiia 
importance to those who are ergag^d in the manufaetbre of 
photographic emulsions. 



THE LEVELS OF LAND AND SEA 


GREAT BRITAIN 

By sir CHARLES CLOSE, K.B.E.. C.B., F.R.S. 


I 


I. Sea-level 


The study of the relative vertical movements of the land and 
of the surface of the sea is one which concerns both geology 
and geodesy. Long ago, Lycll pointed out that “ Every page 
of the geological record proves to us that the relative levels of 
land and sea, and the position of the ocean and of continents 
and islands, have been always varying." And again, " A large 
portion of the earth’s crust is always undergoing a change of 
level, some areas rising and others sinking at the rate of a few 
inches, or a few feet, or perhaps sometimes yards, in a century," 
and," It is consistent with human experience that land should 
rise gradually in some places and be depressed in others." For 
geotfey the matter is one which concerns the datum surface 
to \^ich all measurements are referred, and is connected with 
the problem of the adjustment of isostatic equilibrium, and tho 
determination of the shape of the geoid. 

There is also a practical side to the question. Thus, in 
the year 1911, the Royal Gimmission on Coast Erosion recom- 
numded that the Ordnance Survey and the Geological Survey 
sbouid take steps, from time to time, to ascertain what changes 
ol relative level of land and sea are taking place. The Royal 
CbiBinission had specially in mind the erosion of portions of 
the East Coast of England, and the possibility that this might 
be effused, at least in part, by a sinking of the land with reference 
to tdie sea. 

It is, of course, easy to fix marks on the surface of the land 
nddffh we can watch and from which wq can measure ; but with 
riegp*d to the sea the matter is not so simple. What do we 
rnffin when we talk about sea 4 evel ? Tms question much 
efffjf'cised the authorities of the Ordnance Survey about a 
Ifflpdred years ago and it became an ui^ent one shortly after 
Im commencement of the Survey of Ireland in 1895. Colonel 
who was then Director of the Survey, consulted Airy, 
i^n Fluinian Professor of Astronomy, and \^ewell^ shortly to 

*4$ 
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be Master of THnity. The discussion as to the nudt suitaible 
datum lasted for some years; meanwhile the datum for use in 
Ireland was not fixed as mean sea-level, but as the level of a 
spring tide, at low water, observed at Poolbeg Lighthouse, in 
Dublm Bay, on April 8, 1837. This idea of taking a low water¬ 
line as the datum appears to have been due to the desire to 
avoid negative values for the space between the high and low 
water-lines, and also to the erroneous idea that the low and 
high water-lines were “ level.” 

Captain Larcom, afterwards Sir Thomas Larcom, who was, 
under Colby, in charge of the Survey of Ireland, thus put the 
matter in a lecture to the British Association at Cork in 1843 ‘ 

” The datum [for land heights] most commonly used is the 
level of the sea, doubtless from the shore-line being the limit 
of the land, and the point at which roads must cease, as well as 
from an impression that it was itself a level line, and, therefore, 
as the first contour, the most appropriate and natural zero 
from which to take the others. ... It has been a point much 
discussed whether the high water, the low water, or the mean 
state of the Tide offers the most level line.” 

But already in 1838 Whewell had written a valuable report 
on ” A level line measured, from the Bristol Channel to the 
English Channel during the year 1837-8, by Mr. Bunt,” the 
opening sentence of which reads, “ At several meetings of the 
British Association it was suggested that the exact determina¬ 
tion of the relative level of t&ee points, considerably distant 
from each other, on the coasts of this island might throw light 
upon several important questions,” particularly how far the 
earth's surface is permanent and ” what ought to be understood 
by the level of the sea.” He remarks, that surveyors and naval 
men are in the habit of assuming the surface of low water to 
represent the level of the sea, whereas it is not even approxi¬ 
mately a level surface. He then advises the adoption of mean 
water, ” the means of low and high water,” as the level of the 
sea. It is a pity that this report appeared after the adoption 
of a low-water datum for Ireland. All the heights on Irish 
maps are, in consequence, about 8 ft. too great to this day. 

Whewell’s ” mean water ” is not, however, itself a perfectly 
satisfactory datum, although it is nearly so. What wi wish 
to find out, nowadays, is the mean position of the sea surface as 
determined over a considerable period of time, at all states of 
the tide, and not merely at high and low water. By this 
means we hope to arrive at an almost invariable datum. The 
procedure is equivalent to assuming that the amount of vmter 
m the ocean, and the contours of the ocean-bed, remain sub¬ 
stantially the same over periods of a few years, ignoring minw 
changes which will not materially affect the level of the sur&oc. 
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For 4l>out eighty; years all the heights on the Ordnance 
niftps of^reat Britain have'been referred to an approximate 
mean-sesrlevel at Liverpool, and it may be of interest to record 
how this^was arrived at. Tidal observations were made at the 
Victoria Dock at Liverpool, in 1844, by fixing a graduated pole 
at the old entrance and noting the heights of the water surface, 
at five<winute intervals, for about half an hour each side of 
high and low water. These observations were continued from 
March 71 to 16 inclusive. The mean tide level thus obtained 
was found to be 43*14 ft. above a provisional datum which 
had beon adopted in order not to delay the levelling. This 
figure was rounded off, and mean-sea-level was taken as exactly 
43 ft. i^ove the provisional datum. We shall see, later on, 
that, as-it happens, this value is very fairly accurate. 

Leaving out of consideration, for the moment, the question 
of the tides, the height of the sea-surface is affected by waves, 
by the^^ addition of river water and rain, by evaporation, by 
alterations in salinity, by changes of temperature, by variations 
in barometric pressure, and by wind. Measurements would 
not usually be made where the influx of river water could affect 
the result. Rain, evaporation, and alterations of salinity and 
tempeiiature will have an effect, though a small one, on the 
mean height over long periods; and, as is well known, the 
vdnd may have a marked influence on the local height of the 
tide, and variations in barometric pressure also have their 
importance. 

The most satisfactoi^r way of studying the variations in the 
level of the sea-surface is by means of self-recording tide-gauges. 
Such tide-gauges, though devised for the purpose of providing 
the data for predicting the times and heights of the tides, 
meet very efiSciently the simpler needs of our present inquiry. 
Ihe paper on which the recording pencil marlb the height of 
the tide is usuall/ruled in straight lines which represent height 
intervals of one foot; and, at right angles to these, the time 
intervals are shown by lines at intervals representing one hour. 
If thb hannonic curve which results from the combined motions 
of the height of the water shown by the pencil and of the clock- 
rotatied drum on which the paper is fixed were symmetrical, 
then the mean of high and low water would be the same as 
mean-sea-level, for the period taken. But the tide-curves are 
»ot^ in general, symmetrical, and the correct method is to 
iatagrate the tide-curve, that is, to ascertain its area between 
oerlain ordinates and (hvide this area (which is a product of 
lights in feet by time intervals in hours) by the total elapsed 
ti^ in hours. This will give the mean-sea-level during the 
p^od in question. 

But, in practice, a result &ee from arithmetical errors will 
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be obtained if the hourly heights are measured bV|r a loiij| 
period, and the mean taken. On the Ordnance Surve|^ it is tiw 
custom to ascertain the monthly and yearly values in vnsy, 
the yearly mean being determined from more thbo fiTOO 
measurements. 

In the year 1911 it was decided by the Ordnance Survey to 
execute afresh the primary level net-work of England anil Wales, 
and, in connection with this operation, to determine tie mean- 
sea-level round our coasts with greater accuracy than had been 
done in the past. For this purpose three tidal stations were 
chosen and self-registering tide-gauges were set up there ; the 
stations, which were selected with the approval of thei^late Sir 
George Darwin, were Dunbar, Newlyn, and Felixstowe. The 
record at Dunbar commenced on May i, 1913, at Newlyn on 
May I, 191S, and at Felixstowe on May i, 1917. The tide- 
gauges at these three stations are still at work, and, it isvhoped. 
will continue to be at work for many years to come. We have 
thus, at present, about ten years’ records available at BHanbar, 
eight years’ at Newlyn, and six at Felixstowe. Of these 
stations, Newlyn, which is practically an open ocean Wation, 
is the most important, and we have there the record»of the 
height of the sea surface for each hour during some 70,ooov^iours. 

The following table gives, as far as at present avaifaibie, 
the variations in annual mean-sea-level, in inches, at thtf time 
stations mentioned, taking the values for the year I9i7<*f8 as 
zero. The values are positive except where otherwise mil^Ged i 


Year. 

Newlytt. 

XHwbaf. 

. Fcllaitpn* 

1913-14 . 


• 


3*29 


14-15 . 


« 

— 

1-63 


15-16 . 


9 

a -33 

0*68 


16-17 • 



1*64 

0*54 

— 

17-18 , 



0*00 

0*00 

0.09 

18-19 . 



0*96 

0-37 

-o*5o 

19-20 . 



0*50 


0.54 

20-21 , 


s 

0-77 

0^8 

^<09 

21-22 . 


* 

0*85 

074 



Here we have a range in the height of annual mean-sea-k^ 
at Newlyn of 2-3 in. and at Dunbar of a*3 in., and a range 
the mean of the tabulated period, of 1*3 and i'4 in. respectis l|| y. 

Here, then, is evidence, if such were needed, that the 
height of the surface of the sea during the period of a yeatT'^l 
not a final value of mean-sea-level, yeariy mean-sea-l|i«W 
being itself liable to long-period fluctuations. At Karap^*- 
for example, there are accurate tidal records extendii^ owir 
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^ and it is found that the probable annual fluctuation 

W mei^sea-level, as compared with the general mean for 
40 yeaiSt is o-6 in. Prof. D’Arcy Thompson has collected the 
records of high and low water for Aberdeen for 52 years, and 
for Dundee for 16 years ; it is found that the difference between 
the greatest and least annual mean-tide-level at Aberdeen is 
4*6 in., and the probable fluctuation 0*7 in. At Dundee the 
probable fluctuation of annual mean-tide-level is also 0*7 in. 

Mr, jk. L. P. Jolly, of the Ordnance Survey, who is in charge 
of the reductions of the observations for levelling and mean-sea- 
level, remarks, with regard to the long period changes in the 
level of the sea : “ For a few years the changes may appear 
to be following a certain roughly harmonic law. Then they 
break up into a different sequence and a new set of observations, 
independent of the first set, lead to quite a different tentative 
law of change. The conclusion is that many influences are at 
work. . . . That these influences are climatic in the broad 
sense erf the term is a matter for confident assertion.” 

In addition to any long-period meteorological tides that 
may exist, we should expect to find evidence of a ” latitude 
vamtion ” tide with a period of 431 days and a lunar tide of 
about i8’6 year period. At the suggestion of the late Sir 
George Darwin, the Survey of India examined its many and 
excellent tidal records for evidence of the " latitude variation ” 
tide, but without result. Professor D'Arcy Thompson, how¬ 
ever, quotes investigations into the fluctuations of mean-sea- 
level at nine Danish stations for the years 1891-1911, which 
show the 431-day period, with a total amplitude of half an inch. 
And Professor Thompson has himself found evidence of this 
tide both at Aberdeen and Dundee, with a total amplitude of 
about I in. He quotes Sir George Darwin on the subject of 
the 18*6 year tide to the effect that its amplitude must be small; 
mt Aberdeen the total amplitude would be about 0.7 in., but 
it has not yet been found possible to disentangle this tide from 
the meteorological fluctuations. 

An interesting branch of the subject is the study of the 
effiset of variations in barometric pressure, and of wind, on the 
level of the sea surface ; and much evidence on this matter will 
be found in recent Ordnance Survey publications. There is a 
cenirfderable literature on the subject, commencing with the 
observations made at Brest by Mr. Daussy, the French Hydro- 
l^pfaer, freon 1817 to 1831, and including those of Sir James 
Stoeamade at Port Leopold, latitude 74° North, in 1848. Other 
being ecpial, it would be expected that a variation of 
oiodies in the hei^t of the mercury in the barometer would 
imduce a variation of - 13*25 x in the height of the sea-water^ 
being the ratio of the densities of mercury and sea-water. 
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And, if we could eliminate all other causes of level, 

we should, without doubt, find this relationship, whi^ »Qine> 
times appears very clearly. »< 

Mr. Jolly has analysed the records of the Newlyn tifiB<gauge 
for the years 1915-20, the object of the analysis bein^l^ to try 
to represent the monthly mean-sea-levels as the sum lon^ 
period term, a latitude variation term, an annual term^ semio 
annual term and a term, proportional to the excess m local 
barometric height above an arbitrary zero.” The “ jptitude 
variation ” term was so small that it evaded detection;^* as did 
the semi-annual term. The period taken was May 11915 to 
January 1920, inclusive, and 57 monthly mean heights were 
dealt with. The best equation for representing x, theilieight 
of the sea-surface at Newlyn, for the period indicated, wa* found 

to be* - a constant -)- 13*2 sin ^ (/—2*32) —13*82 (K—Ho) 

where / is measured in months from May i, 1915, H is themean 
monthly height of the barometer in inches, and Ho an arbitti^ 
barometer zero. This expression is quoted to show the in¬ 
fluence at Newlyn of the barometer term. It was used to 
predict the monthly fluctuations for 1920 with good results. : 

But it is clearly incorrect to deal with the effects of vsarin'* 
tions in the height of the barometer as if they were ptareiy 
static and local. In a report of the United States Coast Sanm^ 
for 1871, Prof. Ferrel remarks that changes of level appetf to 
anticipate the barometric pressure and he attributes tms to the 
effect of wind ; and other observations of a similar character* 
could be quoted. It is certain that the correlations betwe^ 
sea-level and barometric height can be improved by including 
wind factors ; the effect of wind being, in general, to increase 
the variation due to the barometer. 

Mr. Jolly has investigated the effect of the wind on the sea- 
level at Newlyn, the most important of the three Ordnance 
Survey stations, and has done this by taking into account, not 
the local barometer only, but also the barometric readings at 
four points 300 miles distant from Newl3m, and due north, 
south, east, and west of it. Calling T the height of the baro¬ 
meter in millibars at Newlyn, and N., S., E., W., the baromettf 
heights at the four points mentioned, he ^ds that the moll 
probable expression for the height of the sea at Newlyn i| : 
a constant-13*38 T -1-6*07 (E.-W.) -1-0*67 (S.-N.), (othesP 
oscillations being eliminated). It is clear that at this p(^ th^ 
E.-W. m^dient is the important one, the N.-S. gradient having 
little effect. A prediction by this formula, for a month ntw 
used in the computations, showed an excellent resemblanoa 
between the two curves. But clearly this investigation doib 
not take account of the larger oceanic effects. ^ 



THE LEVELS OF LAND AND SEA 151 

Enough has now been sai 4 about mean<4ea-'level to show the 
kind of datum that is being dealt with. Mean-sea-level, un¬ 
disturbed by meteorological variation, is the geoid-—that is, the 
spheroidal surface modified by local attractions. The geoidal 
surface at any port may be some metres above or below the 
surface of the reference spheroid chosen for the national survey. 
But the value of mean-sea-level as a datum depends not on its 
height, but upon its stability; or, rather, as it is not stable 
from year to year, its value will largely dej^nd upon the possi¬ 
bility of calculating its long-period oscillations. 

It has been shown that mean-sea-level may vary from year 
to year by some inches, and that the probable variation of 
the height of any one year from the mean of a large number 
of years will be of the order of half an inch. It has also l^en 
shown that, making allowance for the *' latitude variation ” 
tide, and the 18*6 year tide, the remaining fluctuations are 
lai^r and almost certainly meteorological in character. And 
it may be taken as certain that the meteorological variations, 
which are of unknown phase and amplitude, are in part local, 
and in part world-wide, or oceanic. It follows, therefore, that, 
if it is desired to ascertain accurately the relative vertical 
movements of land and sea, with regard to Great Britain, it 
is very desirable that the three tide-gauges at Newlyn, Dunbar, 
and Felixstowe should be continued at work for many years 
to come. 


II. Land-levels 

In the operation of levelling, the observer looks along a line 
of sight which is tangent to the geoid ; where there is no “ local 
attraction " the line of sight will be tangent to the spheroid. 
Hie inclination of the two surfaces to each other will, in the 
ordinary case, be about a second or two of arc; but it may, 
in exceptional cases, amount to 30 seconds or more. The first 
point, therefore, to note is that levelled heights cannot con¬ 
veniently be referred to the spheroid of reference in any national 
survey. 

The next general consideration is that, even if it were possible 
to level along spheroidal surfaces, the spheroidal surface at 
sea-level is not parallel to a spheroidal surface raised above 
this datum, since the distance between these surfaces increases 
from the pole to the equator. In the Ordnance Survey report 
on the recent geodetic levelling, a good illustration of this fact 
is g^ven, as follows : 

Let us suppose that the lower levels of Ftance were flooded 
so |hat the water just reached the base of the Eiffel Tower in 
,Ba^, and suppose that an exactly similar tower Were built at 
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Marseilles so that its base just touched by the water, 
suppose that the flooddevel were raised so that the top ip ljhe 
tower at Marseilles were just covered, then there would 8||i|Jbe 
6 in. of the Eiffel Tower at Paris showing above the 
That is to say, that the two water surfaces, about 
apart, converge by about 6 in. in the length of France. 

There are thus two distinct ways of measuring differenees 
of level, one called the orthometric and the other the dyvumnc 
system. In the orthometric system the heights of the two 
Eiffel Towers would be described as equal; in the dynamic 
system the Paris tower would be described as 6 in. higher than 
the other. Again, the dynamic system may be used to denote 
equal increments of work at any two points in question, or equal 
increments of height at some standard parallel of latitude. It 
is, as a fact, of little importance which of the methods is used, 
provided that it is clearly stated which is used ; dynamic heights 
are readily convertible into orthometric heights, and vice versa. 
But uncorrected levelled heights are neither orthometric hor 
dynamic. 

The old primary levelling of Great Britain was executed 
between the years 1840 and i860, so that it is, on an average, 
some seventy years old. In those days nothing was known 
of the distinction between mthometric and dynamic differences 
of height. In those days, also, very little care was taken to 
provide stable bench-marks, the marks being cut indifferently 
on houses, churches, walls, gate-posts, mile-stones, and generally 
on any convenient accessible structures. No distinction in the 
character of the marks was made between primary marks and 
those of less importance. It has been found, also, thsit duringthe 
course of the last seventy years a large-proportion of the original 
marks have disappeared—more than half, in fact. Then, mom 
a modem standpoint, the accuracy of the old work leaves much 
to be desired. It was, therefore, obviously desirable to execute 
a new level network of high precision, and this new geodetic 
levelling was carried out during the 3rears 1912 to 1921. It 
will be seen that this period included the four years of the war, 
and it became necessary to reduce the promamme^o the 
minimum which would ensure a stable framework for th^uture. 

This idea of a stable framework for future reference has beep 
the principal preoccupation of those responsible for the work. 
And, in this connection, it was considered desirable to provkfc 
geodetic, or " fundamental,” bench-marks, of a far more p^ 
manent character than had hitherto been made use of in any 
country. There are in England and Wales 86 of these pew 
fundamental marks, their average distance apart being abottl 
yi miles. Each mark is founded on solid rock, or chalk, below 
the soil and subsoil. The desiipi of the mark and seleotiioii pt 
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ifet;^ie ^re intended to ensure that it shall not move unless the 
cirvH^ of the earth moves also. ' Mining areas and areas of clays 
awl soft rocks have been avoided. 

T^re is a class of error, which is the accompaniment of all 
levelling, known since 1837, and not yet satisfactorily explained. 
Mr. Bunt, who carried out some important levelling between 
Axmouth and the Bristol Channel in that year, observed that 
“ vrith a few partial exceptions, the heights of all the points 
came out less by the levels returning than by the levels going,” 
or, in Whewell’s words, ” in proceeding with the levelling opera¬ 
tion, along a line which is really level, the further end constantly 
appears to be the lower end.” This is known as the " systema¬ 
tic error,” to distinguish it from the ordinary accidental errors 
of observation. In adjusting the errors of a level network it 
is of no small importance to decide properly how to treat the 
” S3rstematic ” error. As all precise levelling is carried out in 
both directions along each line, it is, as Mr. Jolly observes, im- 

K rtant to distinguish between the systematic discrepancy 
tween the backward and forward levellings and the systematic 
error in the mean of the two. A careful discussion of the dis- 
mpancies in all the routes of the new Ordnance Survey Level¬ 
ling resulted in the conclusion that the so-called " systematic ” 
errors should be treated as accidental and, in consequence, 
weights were given inversely proportional to the lengths of the 
hues. 

To give an idea of the precision of the new work, the follow¬ 
ing f^ure is interesting : From the tidal station at Newlyn to 
the tidal station at Dunbar the distance is 641 miles by one 
route and 761 miles by the other levelled route ; the probable 
error of the mean height of Dunbar, as determined from Newlyn 
through these two routes, is under 2 inches. 

The probable error, per mile, of the new work is *092 in., 
whereas the probable error of the old work (of which the mean 
date was 1850) was *360 in. per mile ; the new probable error 
is, thus, about one-quarter of the old. Such a result was only 
Mxived at by the use of refined methods and greatly improved 
instruments ; invar staves were used instead of wooden ones ; 
a micrometer attachment on the levels enabled intersections 
to be made instead of estimations ; the position of the bubble 
was read by means of a reflecting prism, so that the observer 
was not obliged to walk round the instrument; the length of 
the space between two staves was limited ; carefully thought- 
out instructions were issued as to the order of the readings; 
and generally every precaution was taken that experience could 
indicate or forethought suggest. 


*7 
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III. Relative Vertical Movements of Land am© 

If a network of levelling were carried over the surfacO-ilil 
a country, if the reference-marks were permanent and stable, 
and if the operation were errorless, we should then be able, Stt 
any future period, to carry out a similar operation, using the 
same marks, for the purpose of ascertaining any displacements 
of the crust. But whilst the comparison would give us in¬ 
formation as to any tilts or inclinations of the suiface which 
might have occurred during the interval, it would not give 
definite evidence of vertical movements unless a satisfactory 
independent datum had been established. And if, as indicated 
above, a good value of mean-sea-level were chosen as the 
external datum, we should be able to determine the relative 
vertical movements of the land and sea, in addition to any tilts 
or contortions of the crust. 

The earliest operation undertaken for this express purpoM 
was that alluded to above, namely, the levelling carried out in 
1837-8, under Whewell’s direction, between Ai^outh on the 
English Channel and East Quantockshead and Portishead on 
the Bristol Channel. 

In 1915-17 the Ordnance Survey re-levelled this line, in 
order to ascertain if any changes of level had taken place 
during the elapsed 78 years. The mark at Portishead had dis¬ 
appeared, but the old copper bolts, in granite blocks, were 
found at Axmouth and at East Quantockshead. The distance, 
as the crow flies, between these two points is about 35 miles. 
Taking the new levelling, for this purpose, as errorless, and 
taking the Axmouth mark as the datum, it is found that the 
East Quantoclshead mark has apparently risen 0*92 in. But, as 
a fact, this quantity is probably due chiefly to errors in the old 
work (which, however, was very good for its date). The prob¬ 
able error of the old work is about 0*4 in., so that an actual errw 
of 0*9 in. would not be surprising. It must, therefore, be said 
that there is no evidence of any tilt of the land surface having 
taken place along this line, between the English Channel and 
the Bristol Channel, during the 78 years in question. 

It might have been e]q)ected that a comparison of the 
heights of the old primary levelling of England and Wales 
(mean date 1850) with the new levelling (mean date ipid) 
would give evidence of any vertical movements of .the sudbu^ 
that might have taken place during the 66 years’ interval thid: 
separated the two operations. ^ 

The comparison has been made, and a map has been {ninted 
by the Ordnance Survey showing graphically the lin^ ^ 
discordance between the two levelling. Broadly spedcmi;, 
if zero is taken in the neighbourhood of Liverpool, thve is nn 
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iMirMutkig disoordaiice across En^nd till the nei^bourhood ci 
IfipMdch » reached ; in this Tatter region the discordance 
ainounts to no less than ai in., the new values being lower than 
the old. If both operations had been errorless this result would 
imply that a tilt downwards of the surface of England had taken 
place from north-west to south-east. 

But further investigation has shown that the facts will not 
bear this interpretation. The old levelling in the Eastern 
Counties was carried out in 1854, and as early as 1859 a dis¬ 
cordance of 22 in,, in the same direction, was discovered between 
mean-sea-level at Harwich and mean-sea-level derived from 
the levelling ; and in 1896 a similar discordance of 20 in. in the 
same direction was discovered. In 1920 the old work at 
Felixstowe was found to differ, in the same direction, by 20*4 
in. It is, therefore, abundantly clear that the differences 
between the results of the old and the new levelling are not due 
to vertical movements of the crust, but to errors in the old work. 

So far, then, as the evidence of the levelling goes, it has not 
3Wt been found possible to detect any vertical movement, or 
tilt, of the surface of this country. Indeed, such evidence as 
there is is in favour of the h5rpothesis that there has been no 
measurable movement during the last sixty or seventy years. 

It may be added that the statement, which has appeared for 
many years on the Ordnance Maps of Great Britain, that 
“ altitudes are given in feet above the assumed mean level of 
the sea at Liverpool, which is 0.650 ft. below the general mean 
level of the sea,” is incorrect. The old Liverpool datum hap¬ 
pens to be about in. above the mean-sea-level at Newl^ 
and not very far from the general mean-sea-level. But the 
matto* is unimportant, as the old Liverpool datum will dis¬ 
appear in favour of mean-sea-level at Newlyn. 

With regard to the question of general mean-sea-level round 
our coasts, the following facts are of interest. Taking mean- 
sea-level at Newl3m for the six years. May 1916 to April 1921, 
as zero, the mean-sea-level at Felixstowe, July 1917 to April 
1931, was found to be ^ in. lower, an insignificant amount 
when the length of levelling between these tide-gauges is con¬ 
sidered. But the apparent difference of mean-sea-level between 
Newlyn and Dunbar is 9*7 in., the sea-level at Dunbar beine 
the higher, the means in each case being those for the period 
May 1915-April 1921. The probable error of the levelling 
between the two places is about 2 in.; the difference between 
the mean heights of the barometer at Newlyn and Dunbar 
was O'108 in., and this would raise the sea-level at Dunbar 
by 1*4 in. But tho'e is still 8*3 in. of difference to be ac¬ 
counted fcH*, more than is likely to be due to errors of levelling. 
The conclusion is that there is possibly a real difference of 
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mean-sea-level of some three or four inches, and this, if it exisl% 
is probably due to meteorological causes. Prof. D’Ar^ 
Thompson found the mean-tide-level at Aberdeen to be 4 in. 
above that at Dundee; but this comparison depends on tto 
old levelling, which is itself probably some inches in error. 

So far as Great Britain is concerned the whole matter may 
be summed up thus : Since the level of the sea is subject to 
long-period fluctuations it will be most desirable to keep the 
Ordnance Survey tide-gauges at work for many years to ccune, 
in order to watch the (manges in our only available datum sur¬ 
face ; the old levelling of 1840-60 is not reliable enough to base 
any conclusions upon with regard to variations of land-levels ; 
the new levelling is of great accuracy and should afford a sure 
foundation for future discussions ; there is possibly a real 
increase of a few inches in the height of the sea surface above 
the geoid from south to north, along the coast of England an<l 
Scotland ; and, finally, there is no eviden<^ that the levels of 
England have altered since the earliest exact observations 
^about 1840), such evidence as there is tending to show that, 
if there have been any vertical movements of the crust, they 
must have been very small. But fifty or a hundred years 
hence it ought to be possible to investigate these, and allied 
problems, uhth much greater accuracy than can be done at 
present. 

Tie Second Geodetic Levelling of England and Wales, 1912-21. H.M. Sta¬ 
tionery Ofiice, 1922. 4to. Price 174. 6 d. 

Mean Sea Level and its Flaetuations. Prof. D’Arcy Thompson, Fishezi(ss, 
Scotland. Sd. Invest. 1914. Price xs. 

Nivellement de Haute Pricision. Ch. Lallemand, 2nd edition. Paris, 19x2. 
Survey of India, vol. xix, " Levelling." Calcutta, 1910. 



THE EVOLUTIONARY HISTORY OF THE 
VERTEBRATE LIMB 

By professor J. GRAHAM KERR. F.R.S 
Univifsity ^ Glasgow 

Two of the main subdivisions of the animal kingdom—^thc 
Arthropoda and the Vertebrata—are above all characterised 
by the possession of limbs—^movable projections of the body 
serving for its propulsion, and accordingly morphological 
students of these groups are faced by the insistent problem 
which deals with the evolutionary history of these limbs, their 
specialisation for different purposes, and above all their origin. 
It is the aim of this present paper to deal more particularly 
with this last question so far as regards the Vertebrata. It 
will ^ive first an outline sketch of the two old-established 
theories of the origin of the vertebrate limb and will then 
outline the reasons which in the writer’s opinion make it 
necessary to drop these older views and adopt one more in 
accord with present-day knowledge. What follows hM regard 
mainly to the evolutionary origin of the vertebrate limb, and 
not to its subsequent specialisation; but it may be well, before 
proceeding further, to indicate certain general considerations 
to which the author attaches weight. He takes the view that 
in aU probability the primitive Vertebrate, although aquatic, 
was not pelagic. .He believes evolutionary progress to be a 
function of variety of environmental conditions. He believes 
that a pelagic existence—^the most homogeneous of all types of 
environment—^ia that which is least of all favourable to the 
opening up of new evolutionary paths. He believes, on the 
other hand, that the marginal zone bordering the land—^with its 
unequalled variety of environmental conditions—^is the great 
nursery for new types of animal organism, and there he would 
locate the home of the original Vertebrates. From that zone he 
believes the Vertebrates have spread in two different directions 
—the one set becoming independent of the land and the 
solid bottom, becoming more and more highljr specialised as 
swimmers, the others becoming increasingly independent of 
the water and increasingly specialised as land animals. A 
necessary corollary to these general considerations is the opinion 
that the pentadactyl limb of the land animal has not evolved 

w 
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directly out of the paired fin of the fish, but that both of tlaiim 
two types of limb have evolved out of a primitive ancestral 
type by a gradual process of specialisation, in the one case for 
support and movement on a solid substratum, in the other case 
for swimming. 

The Gill Septum Hypothesis.—Tht first of the current hypo¬ 
theses as to the origin of the limbs is associated with the name 
of the great anatomist Gegenbaur. In studying the skeleton 
of the gill-region in Elasmobranch Fishes he was struck by 
a remarkable resemblance which that skeleton presented in 
certain cases to the skeleton of the paddle-like limb of the 
Australian Lung-fish Ceratodus. This thick, leaf-shaped limb 
has a skeleton of a very characteristic kind, consisting of a 
jointed rod of cartilage running down its centre like the mid¬ 
rib of a leaf, giving off on each side a series of jointed rays of 
cartilage, and attached at its inner end to the skeletal hoop 
embedded in the body-wall and known as the limb-girdle. 
Gegenbaur regarded this type of skeleton, which he termed the 
biserial archipterygium, as the most primitive of all the t3rp« 
of limb skeleton known to occur in the Vertebrata. As a matter 
of fact this form of skeleton, although to-day restricted in its 
typical form to the single genus Ceratodus, was, as the data of 
palaeontology show, quite common in the early days of the 
evolutionary history of fish. If we trace back the Lung-fishes, 
or the Crossopterygian Ganoids, or the Elasmobranchs, to the 
palaeozoic period of geological history we find that in each case 
the biserial archipterygium was then the normal typo of limb- 
skeleton. If we take a broad view of the facts of palaeontolo^, 
more especially when along with this we consider the physiolo¬ 
gical clumsiness of the Ceratodus limb as compared with the 
far more highly specialised paired fins of ordinary fish, there is 
in the present writer’s opinion no escape from the acceptance 
of Gegenbaur’s opinion that in so far as the skeleton of paired 
fins is concerned the biserial archipterygium is actually the 
most archaic type known to exist amongst present-day l»h. 

The gills by which a fish breathes are attached to a series of 
partitions or septa, separated by slits through which water is 
rhythmically swished out by the respiratory movements. 
Each septum is supported by an arch of cartilage alon^ its 
inner margin, from which project a series of gill-rays passhtK 
outwards embedded in the thickness of the septum. NoW 
Gegenbaur in the course of his study of these arrangements in 
Elasmobranch Fishes came across, particularly among 
such as the Sawfish (Pristis), a departure from the nomti in 
which a central gill-ray had undergone considerable ett}at||^ 
ment and parried its neighbours attached to its basal pori^ 
in pinnate fashion, presenting an appearance very Uke ap 
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i^plent archiptexypum of the C«raiodus type. Gegenbaur ccm- 
^oded that the biserial archipterygium had actually arisen 
in this way in evolution, and this conclusion involved the further 
conclusions that the votebrate limb itself originated from a 
gill-septum, and that the shoulder girdle was originally a cartila¬ 
ginous branchial arch. 

Certain obvious objections to the acceptance of the Gegen- 
baur hypothesis as a true theory may be brushed aside as of 
no particular weight. Such is the absence from the palseonto- 
logical record so far as we know it at present of any transitional 
stages between gill-septum and limb. Palaeontology—^the 
fragmentary knowledge of fragments of extinct animals—when 
it produces positive evidence is of the greatest importance in 
evolutionary discussion : when its evidence is merely negative 
it may be safely ignored. 

So also with another very obvious objection to the Gegenbaur 
hypothesis—the fact that the limbs, more especially the hind 
limbs, are commonly far removed from the branchial region 
in which Gegenbaur believes them to have originated. As will 
be indicated later in this article, this particular objection, when 
subjected to critical examination, loses all the weight which 
on merely superficial consideration it appears to possess. 

The most formidable difficulty in the way of accepting the 
Gegenbaur hypothesis is, as the present writer believes, neither 
of these : it is to be found in the general consideration that the 
forerunner of the limb, whatever it was, must have been freely 
movable and must have projected freely beyond the surface 
of the body, to have had in it the potentiality of evolving intp 
a limb, whereas the ^ll-aepta in all the more archaic and prinu^ 
tive fishes are flush with the general surface and firmly fixed in 
the thickness of the body-waU. 

The Lateral Fin Hypothesis .—^Thc second view as to the 
oripn of the limb's is baaed upon certain similarities between 
the paired fins and the unpaired fins of fish. It is a fact estab¬ 
lished beyond dispute that the separate unpaired fins seen in 
many fishes have arisen in the course of evolution frmn an 
originally continuous fin which extended along the dorsal side 
round the tip of the tail on to the ventral side of the body. 
Emlnyological evidence demonstrates this beyond all (|ttestion. 
The hypothesis now under discussion regards the paiied fins 
bf similarly as persisting parts of a, hypothetically, once 
present continuous nn which extended along each side of the 
body. This view was originated by the great embryologist 
Balfour. In his work on the embryology of Elasmo- 
bnmch Fishes he observed that the pectoral and pelvic fin 
todiments were during an early stage of embryonic development 
C^tinuous with one another, and argued trat this fact could 
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bear only one interpretation, namely, *' that the limbs aveitijMS 
remnants of continuous lateral fins.' * Almost synchronoilily 
with Balfour, the American anatomist Thacher enunciated tm 
same view, basing it upon his comparative anatomical work 
which brought out the exceedingly close similarity in adult 
structure between the unpaired and the paired fins of Sharks 
and Sturgeons—a similarity so close as, in his opinion, to point 
clearly to an identity in morphological nature of the two 
types of fin. "As the dorsal and anal fins were specialisations 
of the median folds of Amphioxus, so the paired fins were 
specialisations of the two lateral folds." • 

Each of these bases on which the lateral fin hypothesis was 
founded by Balfour and Thacher respectively has been sapped 
and weakened by the advancement of knowledw. It turns 
out that the continuous ridge connecting the embryonic rudi¬ 
ments of the pectoral and pelvic limbs in the embryo Elasmo- 
branch makes its appearance secondarily, being preceded by 
a period during which the rudiments are quite discontinuous. 
Further, it turns out that this continuous ridge, although it 
does occur in Torpedo, where Balfour observed it, is nof charac¬ 
teristic of Elasmobranchs in general. It does not occur in the 
more primitive Sharks, and is therefore in all probability to be 
looked on as a secondary modification in the development of 
those Ray-like Elasmobranchs in which the pectoral fin has 
undergone an enormous extension along the side of the body. 

The resemblances in adult structure between the paired and 
unpaired fins are certainly very striking, but they too carry 
far less weight in these days when we have learned to appreciate 
the extraordinary lengths to which homoplastic or convergent 
resemblance can go in organs constructed to carry out similar 
functions. 

There is again, however, a general consideration, in this 
case physiological, which is, as the present writer believes, 
sufficient by itself to rule out the lateral fin theory. One of 
the most fundamental features in the structure of the vertebrate 
body is the fact that its muscular system consists of longitudinal 
fibres, arranged on each side of a central flexible and elastic 
rod, the notochord, and segmented up into blocks, the myotomes, 
arranged one behind the other. The ph3rsiological significance 
of this arrangement is clear : it is such that by the serial con¬ 
traction of the myotomes from the head end backwards waves 
of lateral flexure can be passed tailwards along the body. Flrom 
the fact that this arrangement of the muscular system'—still 
clearly evident in the adult stage of fish—is present in the 

* Jowm. Anat. and Phyt., vol. *i (October 1876). 

* Trant. Conn. Aead., iii (Februecy 1877). 
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of every vertebrate we may, I believe, take it as certain 
timl the primitive vertebrate was a swimmer, moving by 
fluetue of the body, just as an eel or an Amphioxus moves to* 
day. This being so we may take it as overwhelmingly probable 
that the primitive vertebrate would not proceed to evolve a 
lateral fin, which in its early stages must not only be of very 
sl^ht efficiency as a motive organ, but must be an actual 
Mndrance to the already existing swimming mechanism. It 
has been suggested that the lateral fins were in their incipient 
stages not actual locomotive organs, but served either for 
balancing on the bottom or as “ planes " or bilge-keels in 
shooting through the water. A very little consideration of the 
physical factors involved will show that neither of these possi¬ 
bilities deserves serious attention. 

Each of the two evolutionary hypotheses that have just 
been outlined have had and still have important bodies of 
supporters. The great names of Gegenbaur and Balfour still 
necessarily carry much weight and influence, while those 
morphologists who maintain a robust faith in Amphioxus as 
representing more or less closely an ancestral type of vertebrate 
have naturally a leaning towards a theory whose supporters 
make use of this animal as Thacher does in developing the 
lateral fin hypothesis. 

When the present writer first devoted himself to the general 

E 'blems of vertebrate morphology he felt greatly attracted 
the interest and elusiveness of this particular problem of 
origin of the limbs. While, however, not wanting in resp^ 
for those who had gone before, he was soon led to the conviction 
that neither the Gegenbaur nor the Balfour-Thacher solution 
of the problem could be regarded as satisfactory in view of the 
aew facts which had become known since their day. The ques¬ 
tion then arose : “ If the vertebrate limb is derived neither 
i^m a gill-septum’ nor from a continuous lateral fin, from what 
^ it arise ; what type of organ was actually its evolutionary 
forerunner ? ” 

The External Gill Hypothesis .—In recent studies on the 
embryology of some of the more archaic vertebrates special 
attention has been attracted by peculiar breatffing organs 
Imown as external gills—not to be confounded with the fila¬ 
mentous prolongations of the gill-lamellae occurring in many 
Elasmobranchs, and in a few Teleosts, which are occasionally 

g ven this name by careless writers. These organs have long 
ten known as occurring' in the larval stages of many Amphibia, 
velMre they form conspicuous ormns projecting from the sides 
M the body just behind the head. Each projects from one of 
tjbe branchial arches (Visceral Arches III, fv, and V most 
apnaUy); it is commonly pinnate in fcam ; it is richly supplied 
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by blood—the aortic arch being diverted out into it as 
and it is provided with muscles by which it can volunlM^y 
be flicked backwards so as to change the water bathing Ip 
surface. Such external gills with their characteristic monu¬ 
ments are well seen, and may be readily studied, in Uve 
Axolotls. 

So long as these organs were known only in a single group 
of vertebrates it was natural to regard them as merely adaptive 
organs which had evolved within that group and according^ 
not of any wider morphological importance. The whole posi¬ 
tion is altered, however, by the fact that the somewhat similar- 
looking structures occurring in the larv® of existing Crosso- 
pterygians {Polyptems and Calamichthys), and of two out of the 
three surviving Lung-fish {Lepidosiren and Protopterus) Sere 
actually morphologically the same organs, agreeing precisely in 
their mode of development with the external gills of i^phibiaitt. 
When we find the same morphologfical organ present in these 
three groups of relatively archaic vertebrates, the Amphibia, the 
Dipnoi and the Crossopterygii, the conclusion is unavoidable 
that they have come down from the common ancestors of these 
groups—^in other words, we are forced to conclude that external 
gills were a possession of vertebrates in a very far back st^ 
of their evolutionary history. It may be argued against tins 
conclusion that there is no trace of true external gills in maUy 
of the lower vertebrates where on this view we might e xp e c t 
to find them. As a matter of fact, however, their absence 4n 
such cases does not constitute a serious difficulty, i(x observa¬ 
tion shows that external gills are exceedingly liable to injuiy 
and on that account particularly liable to be eliminated in me 
course of evolution. Amongst the 'Amphibia many cases are 
known where they have been eliminated from the developmea^ 
of particular species or genera. And in the case of Elasmor 
branchs and other vertebrates with a large yolk-sac we have 
a further reason for the disappearance of the external pUi, 
namely, that they have ceased to be necessary, owing to their 
breathing function having been taken over by the high^ 
vascular surface of the yolk-sac. 

External gills are known in connection with all six visoemi 
arches. In certain Urodele Amphibians they are present o* 
the first or mandibular arch in the modified form of 8mi|4ft 
leg-like "balancers’' on which the young larva rests. Ik 
Crossopterygians they are present on the second ix hyoid ard|, 
in various i^phibians on arches III, IV, and V, and in 
twb Lung-fish on arches III, IV, V, and VI. It is piaiim 
suggested by this fact that not only wa’e external g^fla pnaem" 
in very early vertebrates, but that they were present bn earn 
visceral arch. But we may go further. It is ^nerally agjwsit.: 



^TORY or tm VERTEBRATE LIMB ^ 

ihc •hnrt series of pU'Ckfts ^th their intervening arches 
iiiC with in modem vertebrates is the remains of what was 
once a much longer series extending back along the sides of the 
body. But if so, the same would apply to the external gills— 
the presently existing ones being the last survivors of a more 
extensive series, the posterior members of which have dis¬ 
appeared. According to the external gill theory the vertebrate 
limbs are simply two pairs of these more posteriorly placed 
external gills which have been saved from disappearance by 
their having taken on a new function, and in correlation 
with this have undergone profound modification in form and 
structure. 

The physiological possibility of external gills evolving into 
limbs has to be granted at once. Limbs are projections of 
the body used for support and propulsion. The balancers of 
Urodeles show us a pair of external gills actually converted into 
simple leg-like supports. Observations of the flicking move¬ 
ments of the external gills in the live animal at once shows 
how they could readily become organs of propulsion. 

What, however, are the probabilities of this having actually 
happened ? Certain obvious difficulties at once suggest them¬ 
selves. There is the difficulty that the pelvic limbs as we see 
them in present-day vertebrates are far removed from the 
branchial region where on this theory they are supposed to 
have originated. This objection is seen to be devoid of weight 
if we inquire into the position of the limbs in different groups 
of vertebrates. Within the group of Amphibia, for example, 
we find that the position of the pelvic girdle fluctuates between 

level of the 6th vertebra {Hymenochirus) and that of the 
Hjrd {Ampkiutm). In an ordinary Teleostean Fish like the 
Haddock we see that the pelvic limb has actually migrated so 
£sr forwards as to be in front of the pectoral, right under the 
animal’s throat. The limbs of vertebrates have in fact in the 
course of evolution been shifted about on the body in the most 
sbrprising way, taking up in each case the position in which 
to the form of body and method of movement they 
are most effective. 

It has also been suggested that the characteristic absence 
of any supporting skeleton in the external gills is an argpiment 
against homolopsii^ them with the limbs. The present 
writer does not regard this difficulty as serious. He regards 
♦tm ffiffuning of connective tissue to form skeleton as a pneno- 
pieiion widen is exceedingly apt to come about secondarily in 
tbiponse to mechanical strain. It would be therefore, in his 
entirely to be exp^ed that the external gills as they came 
to used as supporting or propelling orgam vmuld tend to 
4etf(dop supporting skeletons in their interior. Apart from 
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this consideration it has been found that in the balk^ 

of Polypterus there actually is developed a supporting a.-mm 
cartilage in its basal portion,* while there app^ abo to ^ 
remains of skeletal supports in the external gills of certain 
fossil Amphibians. 

As regards the limb-girdle, all that need be said is that this 
is interpreted by the modem theory, as it was by that of Gegen- 
baur, as being simply the modified cartilaginous branchial arch. 

It will be realised that the external gill hypothesis is in one 
important respect upon an entirely different footing from its 
two predecessors, inasmuch as it for the first time demonstrates 
the actual existence of an organ in the Vertebrata possessing 
the two essential qualifications for evolving into a limb, namely, 
free projection beyond the surface of the body and the possession 
of a special muscular equipment for producing the backward 
flexure necessary to give a forward push to the body. 

It also falls into line with a general consideration the im¬ 
portance of which is apt not to be fully appreciated, namely, 
the extreme improbability of the primitive vertebrate with its 
beautiful adaptation to swimming by lateral flexure, as shown 
by the segmentation of its myotomes, starting to evolve a new 
swimming apparatus. It seems practically certain that the 
limb in its initial stages must have been an organ for producing 
a t 3 rpe of movement other than swimming. 

The most weighty evidence for the truth of the external 
gill hypothesis is afforded by that in many respects archaic 
vertebrate Lepidosiren. In this animal the knob-like rudiment 
of the limb is in its early stages identical in appearances witil 
the early stage of an external gill.* In later stages this resem¬ 
blance is masked by the vascular filaments which grow out 
from the external gill, but if these are absent the resemblance 
becomes in these later stages still more striking. Budgett 
records • the case of a Protopterus—close ally of Lepidosiren — 
in which one of the external gills failed to develop its filaments 
and in which the “ bare shaft so much resembled the pectoral 
limb that the larva appeared to have two pectoral limbs on 
one side.” 

This remarkable msemblance between early stages of limb 
and of external gill is by no means confined to Lung-fish. It 
IS also very striking in various Urodele Amphibians.* 

A unique peculiarity of Lepidosiren among vertebrates is 
that during the breeding season the pelvic limb actually takes 

' Budgett, Tmns. Zocl, See., London, xvi. 1902. 

• l^ibels, A/orwwnto/DJn t. EntwicMimgsgeseMehte, Heft x, figs. 35 1 . sad jt. 
. ^pol.Soc., London, xvi, August xgoi. 

« C/. figs, m Ekman, Morph. Jekrb., alvii, 19x3. 
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fonn and function of an external gill, richly vascidar 
respiratory filaments sprouting from it precisely as in an 
or^ary external gill. Such a phenomenon would be in 
itself merely an extraordinary mystery, but the mysteriousness 
vanishes in face of the external gill theory, according to which 
it is interpretable as merely a temporary reversion of the limb 
to its primitive ancestral condition. The probability that this 
is a correct explanation is enormously strengthened by the 
fact that the pectoral fin also frequently shows distinct traces 
of the assumption of the gill character,’ though in this case 
the modification is usually so slight as to be of no appreciable 
functional significance. 

According to this theory the vertebrate limb was in the 
early phases of its evolution a simple styliform structure, 
adapted for pushing against solid objects as its owner clambered 
about among the vegetation of its environment. As time went 
on the primitive vertebrates spread from their swampy home in 
two directions. Some, venturing farther and farther from the 
solid ground, took to a free-swimming existence : their bodies 
assumed the stream-line form, their lung became specialised 
as a float, their limbs became paddle-like—passing through the 
clumsy archipterygial form seen to-day in Cerato<ms and reach¬ 
ing eventually the thin flattened form, with its fine spread-out 
skeletal supports and its muscular mechanism concentrated 
entirely at its base, that we see in the highly evolved fish of 
to-day. 

The other vertebrates which forsook their ancestral swampy 
home made for the dry land. Their skin, losing its heavy 
plates of bone and its elaborate glandular mechanism for the 
reduction of skin friction, became specialised for the diminution 
of evaporation and later of loss of heat from the surface of the 
body '; and the limbs became the legs characteristic of the 
Tetrapoda, or Land-animals. It is fascinating to watch a young 
LepiMsiren as it clamors about, and to see how its simple 
styliform hind-limb, as it pushes itself forwards, becomes sharply 
Ixmt at two levels exactly corresponding to those breaks in 
continuity of the skeleton which we call the knee and the ankle 
joints of the typical Tetrapod, while the tip, becoming slightly 
flattened ^ pressure, simulates the beginning of a foot. It is 
indeed difiicult for the observer of this performance to resist 
the vivid impression that he is witnessing the repetition of 
what occurred normally amongst vertebrates in the far-back 
days when the external gill was still in the course of its evolution 
into the tetrapod limb. 

In conclusion, it should not be forgotten that the external 

tiheory frees vertebrate morphology once for all from an 
’ Agar, AtuH. Atungmr, xmdii, 1908. 
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unpleasant bugbear in the form of the proUem of eoilrelit^ 
the various sl^letal elements of the pentada^y! Ihnb uriw 
those of the paired fin of the fish. Morpholodsts, dominated 
by the crude generalisation that land animals have evolved 
from aquatic, nave found themselves saddled with the belief 
that the tetrapod limb is necessarily an evolutionary derivative 
of the paired fin, and accordingly have had to attempt to deter¬ 
mine the homologies between the skeletal elements in the two 
cases. How thoroughly unsatisfactory these attempts have 
been is realised by most of those who have troubled to go into 
the matter critically. 



POPULAR SCIENCE 


YELLOW FREEBOOTERS 

By HERBERT MACE, F.E.S. 

I 

Whether regarded from the older, almost obsolete view-point, 
of separate creation of species, or that of gradual evolution, 
the parallel lines upon which bees and wasps run, are very 
remarkable. 

By common consent, three groups stand at the head of the 
hymenopterous order—ants, bees, and wasps—and it would be 
difficult to say which of the three is the most highly developed. 
Granting a common ancestral form, the divergence of these three 
main lines, is almost certainly based on the nature of their food, 
for all agree on another fundamental matter, that of taking 
immense pains to ensure the welfare of their young. Indeed, 
this feature is common to the whole order, for the less highly 
developed, take much more precaution for the safety of their 
offispring, than insects of any other order. The saw-flies cut 
slits in leaves and place their eggs in them, and the gall-flies, 
hy puncturing a stem or leaf, depositing their eggs at the same 
tune, cause a swelling, sometimes of monstrous size, in the 
centre of which the larvae feed in safety amidst abundance of 
food. 

These lower families feed on living vegetable matter, and 
in this respect they differ profoundly from the three groups 
at the head of the order. Fossil remains of H 3 rmenoptera are 
extremelyscanty,and afford no clue to the nature of the ancestral 
form at the root of these three lines; but if we adopt the not 
unreasonable view, that it was an active insect of almost 
omnivorous habits, we have a very good starting-point for the 
three divergent groups. The ants—^it is singula that almost 
the only hymenopt^us fossil known is regarded as an ant— 
mOF be considered as having followed in the direct line, for they 
nee as nearly omnivorous as any race of animals could be. 
The bees and wasps have diverged on each side, the bees 
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ultimately adopting flower pollen as their sole nitrogenous foo4» 
and the wasps devoting their attention to animal matter. 

It is quite easy to understand, that constant devotion to 
a special type of food would, in the course of ages, cause great 
modification of structure and habit. The development of 
special apparatus for collecting and convejring pollen, is alone 
responsible for most striking differences between the anatomy 
of bees and wasps. It is, for example, a distinct advantage 
for bees to be hairy, as hairs assist greatly in the collection of 
pollen, and many species appear to take no special pains to 
gather pollen, but merely scrape off that which accidentally 
adheres to their hair, when they need it. Wasps are, however, 
almost entirely naked, and their active, predatory habits, are 
certainly better served by clean limbs and bodies. 

In another sense the ants have pursued a direct path in 
their upward progress, for all the species live either in the 
ground or in decaying trees, excavating more or less elaborate 
galleries therein, while the bees and wasps have, at various stages 
in their progress, branched off into experimental directions, 
some of which have proved satisfactory and permanent. 

II 

As in the case of bees, the insects popularly called wasps, are 
divided into two families by structural differences. The 
Vespidse, which include all the social species and some of the 
solita^ ones, are distingubhed by a striking feature of the 
forewings, which are capable of being folded longitudinally 
down the middle. Wing folding is not uncommon among 
insects, for the earwigs and beetles can double their flight-wings 
into several folds and pack them away, but the Vespide are 
the only Hymenoptera which are able to do so. The featiu% is 
a distinct advantage, for it enables the wings to be very much 
more out of the way when the insect enters its narrow ceUs. 
The niandibles, or biting jaws, are more prominent and stronger 
than in bees, but the maxillse and labium cannot be made to 
co-operate in the formation of a pumping apparatus. As to 
outward appearance, the Vespidae, very numerous though they 
are in species, and widely differing in habitat, are remarkably 
uniform, their livery of black and bright yellow, marking them 
out almost at a glance, and being rather noteworthy when we 
remember how much even one individual species of bee may vaiy 
in colour in different districts. The other family, Sphende 
Crabronid», comprises solitary species only. Their hamts do 
not greatly differ from those of the solitary Vespida:, and the 
chief structural differences are, inability to fold the forewingti 
and the absence of prolongation of the prothorax to the bt^ 
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oftlie Idirewii^, widcfa is a meahtd character of tlM Ve^idae. 
Many of them wear the same black and yellow coat as the 
tyiucal family, but there are a large number of red, brown, and 
even blue marked species. 

The wasps have not advanced so far in specialisation as 
the bees, for there are no species in which the female is devoted 
solely to egg production, while the colonies are annual and are 
founded by a solitary female. In this respect, they correspond 
closely with the bumble-bees, but their engineering capacity, 
and the size of their colonies, are far ahead of the bumble-bees. 
The most advanced of the social species, are the members 
of the genus Vespa, and a description of the commonest species, 
Vespa vulgaris, the wasp which, by its persistent attacks on 
our sweets, our fruit and meat, and the fearlessness with which 
it ventures into our more or less perturbed presence, is a very 
great nuisance to us, will give a vei^ good idea of the extra¬ 
ordinarily painstaking and highly ingenious labours, of this 
Wonderful race. 

Generally speaking, the common wasp makes its nest in a 
hole in the ground, but will sometimes select a hollow tree, or 
even build under the false roof of a house or outbuilding. In 
the more general case, the deserted home of some burrowing 
animal is selected, usually with a tunnelled entrance a foot or 
more long, and almost always in a bank or similar situation 
whic^ is thoroughly dry and not likely to be much affected by 
heavy rains. The bank of a river, especially if it has been arti¬ 
ficially made up by dredgings from the stream, is a very 
favourite place and, during the past summer, I located no less 
than forty nests, along about a mile length of the river Stort, 
wi^e banks are of this nature. 

Having found a suitable chamber, the wasp first cleats away 
any loose rubbish and, if necessary, enlarges the chamber some- 
Wmt. Ojmmencing her work at the top, she attaches a stalk 
strong enough to support three celb. Both stalk and cells are 
constructed of the familiar paper, which, in the case of this 
species, is made of sound wood soraped from posts or tlM 
aWaded surface of a tree trunk, and masticated with the saliva, 
which is extremelyadhesive,dries hard,and forms an exceedingly 
tough compound with the fibrous material. The three cells 
hang downwards, and the entrances of wasp cells, at any rate 
m this genus, are always below, while the upper side is smooth, 
and forms, when the nest is in an advanoedistage, a very suitable 
plUtfcnm tor the insects to move about on. Above the three 
Cdlij the insect next places a covering of the paper material, 
thete ure several layers of this, and they are not made adherent, 
bvtt h siM’B air<«i>ace is left between them. In some cases there 
aptf «s as sixteen of these paper coats, and, as a means of 
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conserving the warmth of the nest and preventing any soaka^ 
of rain from above, it is very eifective. The wasp next deposits 
an egg in each cell, and then proceeds to construct other cells 
adjacent to the first, placing an egg in each as it is made. As 
the cells increase in number beyond the capacity of the original 
stalk to support, another stalk is attached to the roof, while 
over every additional cell the dome-like covering is extended 
to protect it. As soon as the first eggs hatch, the wasp desists 
from further cell construction for the time, and devotes her 
attention to the young. She collects honey from flowers, and 
insects, preferably aphis or tender caterpillars. Neither then 
nor at any time is food stored in cells, as in the case of bees. 
Normally speaking, it would, of course, be out of the question 
to store animal matter for any length of time, and it is somewhat 
singular that the habit of many of the solitary wasps, of 
paralysing their captives with poison and placing them auve in 
the cells, for the larva to consume as it requires them, has not 
extended to the social species ; for the presence of a reserve of 
food, would make a very greatdeal of difference to a wasp colony 
in some seasons. Daily foraging for fresh food is, therefore, very 
necessary, and unless the weather is consistently fine, many 
incipient wasp colonies must certainly perish owing to the 
inability of the mother to secure supplies daily. As well as 
collecting food, the wasp must also prepare a certain amount 
of pulp in order to lengthen the cells, for these are never raised 
above the height of the larva. Their original depth is about 
one-tenth of an inch, and a daily addition is necessary to keep 
them at the required level. As the larvae grow, they become 
more hungry, and wave their heads impatiently above the cell, 
until their ration is given them. It should be noted that each 
cell is treated as a separate unit in construction, the wasp not 
having learnt, like the bee, that a partition wall is adequate 
for two cells. The shape is hexagonal, however, and economy 
of material is scarcely less perfect than in the case of the bee. 
No cap is placed over the cell by the mother, but when the 
larva has reached maturity it spins a strong silken cocoon, which 
is attached to the upper edge of the cell and serves the purpose 
of a cap. 


Ill 

Within a very short time of completing their metamoimhosiSi 
the young wasps set to work in the nest, assisting in feeding the 
later arrivals, and in a very little while, going on expeditions in 
search of food and material for cell construction. When the 
first comb has almost reached its full size, by which time the 
mother has a fairly large band of assistants, a second comb 4* 
begun beneath it, beii^ attached to the first by columns, as tlw 



Y£UX>W rREEBOOTERS m 

Rnt was to the roof. The upper side of the second comb is 
about half an inch below the cell mouth of the one above. At 
intervals, spaces are left between the cells to facilitate com> 
munication with the upper comb. As many as fifty paper 
columns may be used to support a single comb, especially in the 
centre of the nest, where the combs are usually wider than those 
above and below. The size ultimately attained by the nest, 
depends on the favourableness of the conditions. I have seen 
one with as many as eleven combs, the total circumference 
outside the protective covering being over five feet. As each 
successive comb is built, the paper coating is carried down 
the walb of the chamber, until the nest finally takes the form 
of a large oval body, with one or more holes at the bottom for 
the passage of the inhabitants. 

The reproduction of the various sexes in the social wasps is 
not very dissimilar to that in the bumble-bees, though to some 
extent observation of this point is replaced by logical analogy 
with the conditions in the beehive, which have been more 
accurately observed. The first eggs laid by the queen produce 
workers, as do by far the larger proportion of the eggs laid 
throughout the season. Among the earlier hatched wasps 
there appear, however, a few small females, and these take part 
in the work of the nest, but also lay eggs, which, being un- 
feitilbed, produce only male wasps. Later on, larger females 
appear, and these are, at the end of the season, mated to males 
in the open, as in the case of bees. There seems little room for 
doubt, that the production of perfect females is brought about 
in the same way as in the beehive—that is, by special feeding of 
certain individuals. It has not been established, as in the case 
of bees, that specially digested food b supplied to the infant 
larvae, but it is undoubtedly the case that the younger ones are 
fed with a greater proportion of sugary matter, while the older 
larvae are given what can only be described as considerable 
chunks of flesh to consume. To satisfy the enormous demand 
which arises within the nest towards the end of summer, wasps 
are driven to resort to other places than the nectaries of 
flowers. These are gradually Incoming less, and with few 
exceptions, there is no bountiful supply of blossom after the end 
of July. The bees have, by this time, filled their comte to 
overflowing and are almost idle, while the wasps, with no stores 
whatever on hand, have a larger population than ever to 
provide for. Ripe fruit takes the place of honey to some 
extent, and the wasp is a great plunderer of orchards, plums 
and pears bein^ its favourites. Some have declared that bees 
also attack firuit, but although they may occasionally 1^ found 
racking the juice of a plum, it is almost certain that they never 
ratually cut open a fruit, but are only attracted by the juice 
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eaniding from one which has already been opened by waapa. 
The latter, of course, have no difficulty whatever in cutting the 
rind of a fruit. Jaws which can remove flakes of wood from 
hard oak posts, are not likely to be baulked by the skin of a 
plum or apple, and when wasp>s are abundant a plum-tree will 
soon be denuded of its crop by them. 

Ample supplies are often readily obtained from the house¬ 
wife’s preserves, grocers’ shops, and jam factories, while for the 
fleshy portion of their diet, any tender meat will be seized upon 
as readily as insects. Ham is a great favourite, and I have 
known wasps cut a hole clean through a thick ham in the course 
of a few hours. The fresh carcases of animals, such as rabbits 
or birds, which have been shot and overlooked, are soon cleared 
away, and I have seen wasps busy at a gamekeeper’s gibbet 
removing all the flesh from a newly hung stoat. 

A much richer store is available if there exist spirits brave 
enough to steal it—^the concentrated essence of nectarous 
flowers, packed closely in the snowy combs of the beehive. Thb, 
however, is hidden away in a dark chamber, as difficult to enter 
as the home of the wasp itself, and a determined body of sentinels 
stands alert and ready at the portal, challenging every individtial 
which attempts to enter. The wasp is soon drawn to the spot, 
however. It is too cunning to make a frontal attack on the 
citadel, but cautiously hovers about, inspecting it from every 
side. Not infrequently it succeeds in discovering some crevice 
at the rear which it can crawl through. Badly made hives or 
careltesly replaced coverings afford such opportunities, and at 
this time of year, beekeepers should be very careful to cover up 
their hives very securely after handling them. Finding no 
such back entrance, the wasp does not give up, but gradually 
approaches the doorway by oblique methods, keeping a wary 
eye open, for any signs of hostility on the part of the sentries. 
I have never seen a scouting wasp attempt to attack a sentry 
in the first instance, but sooner or later one of them will espy 
the invader and launch itself upon it, dappling with the enemy 
with resolute fury. In the majority of cases, the wasp suoceew 
in killing this first champion, and makes another attenqjt 
to approach the entrance. It may kill two or three bm 
Itefore it is driven off. Sometimes it is the loser in the 
first combat, and if it persists long enough it will sooner Of 
later be killed, owing to having u^ up all its ammunitkni, 
A well-defended hive is seldom very vulnerable to the attacl^ 
of v^ps, though here and there one will manage to slip in and 
pilfer, especially in the cool of the evening, after the sentries 
have been withdrawn. It is noteworthy that wasps are betiir 
aue to endure cold than bees, and are generally abroad ntuell 
later in the day. 
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Siiould thei« be ftny real weakness in the defences, and one 
or two members of the scouting party succeed in entering, 
they will take away as much as they can carry and pass the news 
on to their comrades, who come in increasing numbers until 
the bees are completely overpowered, their stores removed, and 
their larvae dragged out of their cradles to form food for those 
of the wasp. 

Even ii the wasp cannot succeed in getting inside a hive, 
its neighbourhood will still afford a happy and profitable 
hunting-ground. The more prosperous the colony the better. 
However late in the season it may be, there are always some 
members of the colony foraging successfully and bringing home 
more or less weighty supplies of honey. Some of these bees 
are so tired when they arrive that, instead of alighting on the 
entrance step and passing swiftly in, they pause to take breath 
on the ground before it. Such opportunities as this are eagerly 
seized by the waiting wasp, who pounces quickly down upon 
the luckless voyager, severs its body between thorax and 
abdomen, and bears away honey and meat in one vessel. 

IV 

The lack of a habit of storing, even in such a temporary 
manner as that of the bumble-bees, is a great handicap to the 
wasp, who is much more at the mercy of the weather than the 
bee. A few days’ bad weather in summer, can be tided over in 
the beehive owing to the reserve supplies it contains, but even 
one day which is hopeless for foraging, causes much mischief 
in the vespiary. A week of rainy weather in July or August 
will reduce a wasp colony to the verge of starvation. At the 
b^t, it hinders the development of the nest, and causes a swift 
decline in population. For this reason, wasps are never 
abundant in changeable or wet seasons, but in long fine summers 
they thrive amazingly. The vespiary continues to grow, down 
to the end of September. By this time, the large females and a 
considerable number of males have appeared, and these are 
mated in due course. In a fine autunrn the colonies linger on, 

E dering here and there, but to a large extent marking time 
isiting the late blooming flowers, such as figwort, a waterside 
t of which they are extremely fond. When sharp weather 
andveSt the fertilised females seek out hibernating quarters, 
t^oosiim some covered place inaccessible to insect-eating birds. 

hmemating queens may often be found beneath the tiles 
^ai ma outhouse, or under some old boards or sacks piled up. 
will always be found lying in a singular attitude, the wings 
up round the head in most unnfitural fashioii. 

: ^ workers left in the nest now set about a singular tusk, 
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dragging out the remaining larvae £rom their cells, and Idlfii^; 
them, as though to spare them the agony of slow starvation, 
after which they also mil victims to the cold nights of autumn. 

A populous colony of wasps may contain as many as thirty 
thousand individuals, and hReen to twenty thousand cells is the 
usual capacity of a normal nest. In this great population, the 
workers are, of course; by far the most numerous, but the other 
sexes are more abundant than is usual in the beehive. The 
small unfertilised females, which lay eggs producing males only, 
are fairly numerous, but as they work in the construction of 
the nest, there is no wastage in their free production. Males 
are also fairly numerous. These are about twice the size of 
workers, and they are not indolent like the drones of the hive, 
for although they do not take any part in building the comb, 
or foraging, they act as scavengers, removing waste matter, 
dead bodies, etc., from the nest. The large females, generally 
known as queen-wasps, are equal in weight to six workers, and 
they are produced much more freely than in the case of bees, 
as many as seven hundred of the large cells they occupy as 
larvae, having been counted in a single nest. The great risks 
they run during the rigours of winter and the early ^ring, 
when they have to start the nest single-handed, are sufficient 
warrant for their free production, for probably not more than 
one in a hundred succeeds in establishing a new colony. 

The workers are not so much a race apart as in the beehive, 
for females take an equal part in the same kind of labours ; but 
when the nest is in full working order, workers are the only 
foragers, the males and females remaining in the nest till mating 
time arrives. ^ Rdaumur gives an interesting account of the 
general behaviour of the workers towards their fellows. On 
returning from a foraging expedition,he says, they reserve some 
of their spoils for the use of the larvse and divide the remainder 
with great impartiality among the males and females. There 
is no compulsion on the part of the others, but a voluntiMry 
distribution amongst those which gather round the forager. 

Another instance of co-operation is that when an object 
has to be moved which is too heavy for one wasp, two will share 
the burden. This is paralleled among the ants, but is tmdy 
or never seen among bees. 

Still more remarkable is the common practice of wasps of 
cutting off portions of any carcase they desire to remove. On© 
wnter relates an exceedingly interesting instance of this. He 
saw a wasp on the ^ound with a fly as large as itself. Being 
unable to lift it entire, it cut off the head and abdomen and 
suited off with the central portion, but a light breeze was 
blowi^, and this, acting upon the outspread wings (rf the 
caused it to revolve and become unmanageable, whereupon the 
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vmp returned to earth, cut off the fly’s wings and was thus 
aide to carry the booty away^ 

The practice of cutting off the honey-laden abdomen of a 
bee, which I have witnessed a score of times, I have already 
remarked upon; but such an instance as the above may well 
cause the observer to inquire whether it is not a clear case of 
reasoning. I remember once seeing a large species of ant run¬ 
ning along with the leg of a locust, which, although it was many 
times larger than itself, it seemed to manage with reasonable 
ease. To see what it would do, I caught hold of the thinner end 
of the leg and held it firmly. The ant tugged hard for a few 
moments and then, finding the leg immovable, ran round it 
several times, in order to see what the impediment was. Having 
satisfied itself that the leg could not be extricated, the insect 
went to the central joint, between the fleshy thigh and the 
shank, and, cutting through this, bore off the more valuable 
portion with very little delay. 


V 

So far as their general habits are concerned, the other species 
of yespa agree very closely with that of the typical species, 
but there is considerable diversity, both in the situation and 
form of the nest. The hornet, yespa crabro, generally builds 
in hollow trees, and the paper of which its nest is made is 
much coarser and rougher. It is often made of deca3dng wood 
or bark, which the common wasp never or very seldom uses, 
and the different colours of the barks give the nest a 
variegated appearance. Vespa sylvestris suspends its nest in 
the branches of a tree, making a very compact and smooth 
outer case, in which there is only one hole at the bottom. 

The nearest relatives to the genus Vespa, are the species 
of Polistes, the typical one of which is P. gallica, a common 
insect in the South of Eurofie. In appearance, it differs little 
from V. vulgaris. Its colonies are very much smaller, about 
fortyto sixty cells being the usual number found in the 
single comb, which is made in one circular piece about three 
inches across. It is attached to a branch of a low bush, is 
destitute of covering, and the cells are not vertical, but hori¬ 
zontal, with a slight upward tendency towards the mouth. 
Another of this genus, P. nidulans, of tropical habitat, con¬ 
structs the most perfect cardboard imaginable. The outer 
case of this nest is somewhat bell-shaped and is affixed by a 
stalk at the upper end. The material is white, extremely bough 
and smooth, and quite impervious to rain. The cell combs 
inside this covering are disposed somewhat like those of the 
common wasp, but are rather concave. No columns are used 
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to supTOit them, the sides beii^ attached to the interior el Uni 
bell, while a single central hole affords access to each comb. 

This form of nest is common to the genus Potybia, but the 
various species differ in little niceties of construction, P, 
sedula, for example, instead of making a hole in each comb, 
makes one through the side-wall between each comb, thus 
separating the nest into distinct non-communicating com¬ 
partments. Some species save the necessity of buildiiw 
supporting pillars, by making each comb round a branch, which 
thus runs through the centre of the completed nest. 

In all these cases, the nest is commenced at the top, a 
single comb being built and the bell-like covering extended 
downwards as each successive comb is added. 



NOTES 

Viwmmt 1v BeraUa to HMioal 

We were glad to see by a press message from Montreal dated 
June 27 last that the Canadian Government are giving an 
annuity of $7,500 to Dr. Banting, of Toronto, for his discovery 
regarding the insulin treatment of diabetes, which already 
promises to be very useful in that distressing and common 
malady. We hope that the money is a personal reward to 
him for his brilliant work and not a mere subsidy for laboratory 
expenses. If so, the virile people of our great Dominion have 
a|;ain asserted the honourable principle of payment for medical 
dMcoveries which was first admitted by the British Parliament 
in 1802 in the case of Edward Jenner, the discoverer of vaccina¬ 
tion against smallpox; which has always been maintained in 
these pages ; but which was recently and unwisely repudiated 
by our politicians (Science Progress, 1915, vol. x, p. 315 ; 
1920, vol. xiv, p. 63s ; 1920, vol. XV, pp. 113, 285 ; and 1921, 
vol. xvi, p. 286). 

Adyances in medical and sanitary science and practice 
may be classed in three groups, namely : (i) Those that are 
made by persons specially employed and paid for investiga¬ 
tion ; (2) those which enhance remunerative private practice ; 
and (3) those which bring no pecuniary reward to the men who 
achieve them. Good work is doubtless done under all these 
headings ; but the greatest medical discoveries, such as those 
of Harvey, Jenner,. Pasteur, KUchenmeister, Koch, Laveran, 
and Manson, belong to the third class, and were made by 
private enthusiasts who followed some clue which appeared 
strong to them (but which would certainly have been rejected 
by committees of management); and who, without subsidies and 
Often at considerable cost to themselves, revolutionised our 
medical knowledge. It is for this class that jpayment by 
results is especially demanded. Thus the studies of Harvey and 
jAmer ruined their medical practice, and the latter was justly 
rewarded by Parliament in view of this fact. Koch was a 
oouintry doctor when he discovered the bacteria of tubercle 
ai^ antlu^x, but was wisely compensated by the German 
Ctoverament with a large payment and an Institute. On the 
Ot|wr hand, Harvey and Reed (who found how yellow-fever 
it oartii^) were allowed to die in comparative poverty. 

*77 
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It iiS only fair that profesaional men who give up the^ 
chances of lucrative medical practice in order to make recondite 
investi^tions for the public good should receive some com¬ 
pensation when they succeed. But, more than this, it is to 
the public interest that as many men as possible should be 
encouraged to follow their example. Not only compensation, 
but rewards should be offered. Up to the present everyone 
(at least in this country) knows that medical research is in most 
cases merely an ignis fatuus which leads into the bog of poverty. 
Out of our 30,000 doctors, how many are trying to follow in 
the footsteps of Harvey and Jenncr and are seriously setting 
themselves to solve any one of the intricate medical problems 
which still confront us ? They cannot afford to do so. ' Many 
attempt, and a few succeed in making, improvements, some¬ 
times considerable ones, in clinical practice (class 2), or work 
at routine subjects for small salaries in laboratories (class i). 
But we still continue to die of cancer, tubercle, and pneumonia ; 
thousands of our children perish of measles and whooping- 
cough ; and we are still racked by rheumatism and a hundrra 
obscure complaints. Why ? The answer is that no one is 
going to spend his lifetime studying such difficult problems, 
with a thousand-to-one chance of failure, when he knows that 
even in the remote event of success he will get nothing for his 
pains ? Even such honours as he may obtain will be less than 
those which he can easily achieve by an assiduous cultimtion 
of the bedside manner or the arts of self-service I Unless the 
public take to paying honourably for medical or sanitary 
benefits already received they will, we fear, continue to suffer 
miserably from many diseases which would probably be easily 
preventable or curable if only we knew how to prevent or cure 
them ; the best men will not help them. 

Apparently this country b now spending at least £200,000 a 
year on subsidised medical researches of class i, in the forms of 
government grants, university grants, scholarships, and insti¬ 
tutional and commercial investigations ; and the results are 
often wrong, incomplete, or useless. On the other hand, the 
country offers or gives nothing at all for approved discoveries, 
even of the first importance, already made by private persons 
without any public expense at all I Surely there is some 
fundamental economic error in this kind of bureaucratic 
administration. 

The truth is that in this country the management of medical 
matters, including research, is almost entirely in the hands of 

E rsons who have themselves added little or nothing to our 
iQwledge of disease, but who yet presume to control the 
investigatioiB of others. Great vested interests, and indeed 
monopolies, in “ research ” have been created and large siuns 
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wet being expended upon it; but we think that the time has 
come to reconsider the principles under which the money is 
now being used. Are they quite sound ? 

Although the English-speaking nations have produced many men of 
great intellectual capacity, perhaps, indeed, the leading men of this class, yet 
we really cannot say that the mass of the people are at all intellectufiuly 
inclined. Their chief interests appear to be money-making and game-playing, 
both of which occupy most of the thoughts of the masses. One has only to 
open the papers to understand how very little mere science, or indeed mere 
art, disturbs their more pleasant engagements. Occasionally, however, 
the sun of science does succeed in gleaming through the more sordid clouds 
of baser preoccup>ation, and somenmes we even reach the astounding phe¬ 
nomenon of a scientific novel. Many of the romances of H. G. Wc^ ^ve 
probably done more to stimulate interest in science than all the publications 
of our learned societies—though we fear that Mr. Wells himself has received 
very little thanks for his services in this line to our goddess. Now we are 
delighted to receive a romance called Atoms, by Messers. D. C. Wignall and 
G. D. Knox (London : Mills & Boon). Here the public will find some of the 
wholesome powder of physics combined with the jam of a stirring talc. Apart 
from the inevitable love-story, the great man of the book is Mr. John Alex¬ 
ander Grant, who discovered a feasible scheme for " transmitting power 
wirelessly and who is now attacking the problem of obtaining practical 
results firom atomic energy. Several great financiers wish to get hold of 
him in order to comer all the world*8 production of energy. Needless 
to say, one of these financiers is a villain, while the other, we gather from 
internal evidence, may easily become so. But the latter employs Grant and 
gives him a really wonderful laboratory, the description of which will make 
the mouths of all physicists and men of science feel as if they had been taking 
pilocarpine. The scene is laid in Paris. The wicked financier wishes to 
suppress the other one and attempts to assassinate Grant. Fortimately 
this gentleman (who, of course, has a beautiful daughter) escapes and discovers 
(all within two or t^ee months) how to extract out of the jealous pocket of 
nature a new kind of super-radium which places atomic energy upon the altar 
of humanity. The machinations and counter-machinations described nearly 
result in an awful tragedy which would have destroyed the whole of Paris, 

not to say the world, but for- We wish a large sale for this bold book, 

and recommend it particularly to the attention of science masters, who witt 
find it of assistance in their teaching. 

MatnanA^bwik 

The honours lists published during the past quarter included the following 
awards to scientific men:— Baremets : Sir A. A. Bowlby, President of the 
Royal College of Surgeons, and Sir Thomas J. Border, MD. Knights : Dr. 
G. F. l^acker, Dean of Universi^ College Hospital Medical School; Prof. 
W. M. Flinders Petrie, Edwards Professor of Egyptology, University College, 
lonadon; Mr. G. H. Knibbs, Director of the Bureau of Sdrace and 
Industry, Australia ; Dr. H. W. G. Mackenzie, Senior Censor, Royal College 
of Physidans; and Prof. W, T. R. Simpson, Professor of Hygiene, King’s 
College, Ix>ndon. C.7.E.; Mr. J. Evershed, retiring Dir^or of the 
KiCKlafilianal and Madras Observatories. Mr. R. Ward, Supor- 

intevt^t of the Botanic Gardens, British Guiana. 

The Albert Bledal of the Royal Society of Arts has, this year, been awarded 
ih du{dlcate to Sir David Brucfi and Sir Rohaid Roes, 
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Dr« P« A. Bathir, of the British Museum, and Pktrf. F. O. Bomiv dl 
Glasgow, have been elected honorary fetfeigii members of the Stoyal Dantob 
Academy. 

The Helmholtz gold medal, awarded once every ten years by an inter* 
national committee for the most significant research in the domain of optics, 
has been given to Prof. K. von Hess, of Munich, for his investigations on 
colour vision. 

During his visit to England last spring Prof. H. A. Lorentz received the 
Doctor of Science degree from the University of Cambridge. 

Among the names of the scientific workers whose death has been announced 
during tlM last quarter were the following: Prof. J. Cox, physicist, of 
MoGifl University, Montreal; Dr. H. Goldschmidt, technical chemist, and 
inventor of the thermit process for welding steel; Prof. G. L. Go^ale, 
botanist, of Harvard ; Sir H. H. Howortb, a trustee of the British Museum ; 
Prof. Immelmann, general secretary of the German Rdntgen Society; General 
E. A. Lenfant (Afdcan explorer); Dr. A. Loess, helminthologist; Prof. 
C. Niven, physicist, of Aberdeen; Captain C. H. Ryder, Director of the Danish 
Meteorological Service; Mr. M. de C. S. Salter, Superintendent of the British 
Rainfall ^^sociation. 

Dr. A. Russell has been elected President of the Institution of Electrical 
Engineers; Sir Oliver Lodge, l^esident of the Rontgen Society; Dr. A. B. 
Rendle of the Linnean Society, and Dr. E. F. Armstrong of the Society of 
Chemical Industry. 

The last few months have been notable for a number of retirements of 
men occimying prominent positions in the world of science. Among them 
are Dr. G. E. Hale, Mr. J. Evershed, and Dr. S. W. Stratton. Dr. Hale 
retires on accoimt of his health, and is succeeded in his directorship of Mount 
Wilson Observatory by Dr. W. S. Adams. He will, however, still control 
the general policy of the Observatory. Dr. T. Royds succeeds Mr. Evershed 
at Kodaikanal and Madras, and Dr. G. K. Burgess is now in charge of the 
Bureau of Standards, Washington. 

Prof. A. Smithells, who recently vacated the chair of Chemistry In Leeds 
University, has been appointed director of Salter's Institute of Industrial 
Chemistry. 

Prof. Sir W. Herdman has given ;^2o,ooo to Liverpool University 
in order to provide new buildings for the geology department and as a 
memorial to the late Lady Herdman. Edinburgh and ^ffield Universities 
have each received anonymous donations of -£20,000. In the former case 
the gift is intended to serve as the nucleus of a fund for a new department 
of zoology, and at ShelQ^ld to provide one imdergraduate scholarship in pure 
science and a number of post-graduate scholarships for research in metal* 
lurgy. 

The Times of Jime 22, 1923, publishes a public appeal signed by Mr. 
Asquith, Lords Dunraven, Hardinge, Lansdowne, and I^verhulme, and by 
Sir Anthony Bowlby, J. Bordet, Dr. Hugh S, Cumming, Sir Arbuthnot 
Lane, Sir Humphrey Daw Rolleston, Dr. PWlippo Rho, Sir We^t Ridgeway, 
Dr. P. P. E, Roux, Sir Charles Sherrington, Professor Richard Strong, tfir. 
W, H. Welch, Sir Alfred Yarrow, and other gentlemen, for a Ross Insti* 
tute to commemorate the twenty-fifth anniversary of the discovery of tbs 
mosquito-transmission of malaria. The President is to be Viscount Lever- 
huhne. and the Honorary Treasurer is Lord Willoughby ^ Broke, address 
56 Queen Anne Street. W.i. 

We^c glad to report that our valued contributor, Mr. H. Spencer lonss^ 
of the Royal Observatory, Greenwich, has been appointed Astronomer Boyal 
at the Cape. 

Tbs Council of the Royal Society has decided to use the greater part of 
Sir Alfred Yarrow's gift of ;£ioo,ooo to found a number of profMSoeships te 
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of ottabUshad reputation as resear ch umkers^ who will be expected to 
4 eeote the whole of their time to research. In this way the Society provides 
to researoh as a definite profession, freed from the tiresome interruptions 
which inevitably handicap the conscientioas college professor. 

The Senior Studentships given by the Commissioners for the Exhibition 
of X85X have, this year, awarded as follows: Dr. W. Davies, chemist, 
University of Oxford; Dr. L. C. Jackson, 1831 science research scholar in 
j^ysics, university of Leyden; 2 ^. J. H. Quaatel, biochemist, University 
of Cambridge; Mr. D. Stockdale, metallurgist, University of Cambridge;' 
Mr. H. Williams, geologist, University of Liverpool. 

The Ramsay Memorial Fellowship Trustees announce tlie following 
elections and re-elections to Fellowships for the session 1923-4: British 
Fellowships to Mr. S, Coffey and Dr. R. W. Lunt* for research at University 
College, London, and to A. F. Titley, of Bristol and Oxford; Glasgow Fellow¬ 
ships to Mr. T. S. Stevens and 1 ^. J. A. Mair. All these Fellowships are 
of the value of l^oo, Norwegian Fellowship of 3,400 kroner to Mr. Gunnar 
WeMsmann to work under Prof. Gowland Hopkins at Cambridge; Danish 
Fellowship, ;£300, to Mr. K. Hejandahl, who will continue to work at Liver¬ 
pool ; Netherlands Fellowship, ;^300, to Mr. J. Kalff, of Amsterdam ; French 
l^lowship, £100 plus 14,000 franCs, to Dr. H. Weiss, who will work under 
Sir. W. Bragg at the Davy Faraday Laboratory. Appointments to the 
Chadian, Greek, Italian, and Swedish FeUowships had not been announced 
at the time of writing. 

The erection of a Solar Observatory in the Australian continent has been 
under consideration for some years. The matter is now to be proceeded 
with, and a site at Mount Strombo, near Canberra, the federal capital, has 
been selected. A director is to be appointed as soon as possible in order 
that he may visit other Observatories, especially Mount Wilson, before 
taking up the organisation at Canberra. 

The preliminary arrangements in connection with the regular publication 
ol the fotmuU of ScientiJ^ Instrumsnts have now been made by the Insti¬ 
tute of Physics in co-operation with the National Physical laboratory. 
The special attention of those workers who have new desi^s for instruments 
is called to the fact that the Journal is to serve as a medium of publication 
of detailed descriptions and critical surveys of the behaviour of such instru¬ 
ments. Original papers or laboratory and workshop notes dealing with 
the practical or theoretical aspects of scientific instruments should be sent 
to the l^tor, Dr. John S. Anderson, The National Physical Laboratory, 
Teddington, Middlesex. 

Sir George Beilby has resigned from his voluntary post as Director of 
Fool Besear^ and Chairman of the Fuel Research Board after nearly seven 
ytars* service. He has been succeeded by Dr. C. H. Lander, who will act as 
jpitector of Research, and by Sir Richard Threliall, who becomes Chairman 
of the Board., Sir George Beill:y retains his membership of the Advisory 
Council of the Department of Scientific and Industrial Research and has 
OOOaented to act as Honorary Adviser to the Board. One of tibe main func- 
of the Board is a survey and classification of the coal seams in 
vaifOus mining districts by means of chemical and physical tests in the 
laboratory, supplemented where desirable by laxge-scale tests at H.M. Fnd 
Rassarch Station, East Greenwich, or elsewhere. The Board considers that 
^ best way to carry out this work is by means of local committees, the 
nemonnel of which would include colliery owners, managexs, representatives 
Of the Fuel Research Board and of the Geological Survey of Great Britain, 
ai wail as of outside scientific interests. Each committee would be charged 
the duty of superintending the work of the survey in a ooaFmining 
l Wi in this way the survey would become from w commencement 
of value, since local knowledge and experience a^uld be made 



ii2 SCIENCE PROGRESS 

avftilable, and tha aelection of Beams would be decided by those most UIbbI^ 
to estiniate comctly the lelative importance of the problemB to be eolvecU 
The seams selected would undergo phjysical and chemical enaminatton by 
the local experts* after which a final setection would be made of those lihefy 
to justify experiments on a practical scale, to test their suitability for par¬ 
ticular uses or methods of treatment* The first of these committees has now 
been actively at work in the Lancashire and Cheshire area for nearly sixteen 
months* and the Board has recently appointed a committee to deiu with 
the surv^ in the South Yorkshire area. 

The British Non-Ferrous Metals Research Association has undertaken 
an extensive series of investigations on Die-casting Alloys which will spread 
over at least three years and entail an expenditure exceeding /io,ooo. 
Various types of albys are used in die-casting* and* recognising the wide field* 
the proposed research has been divided into three sections : (x) Brass and 
Bronse Alloys; (2) Aluminium Alloys ; (3) Low Melting-point Allo3r8 (Zinc* 
Tin* Lead* etc.). These three branches* with suitable arrangements for 
co-operation* will be dealt with in separate institutions* under the supervision 
of recognised leaders of metallurgical research. Sooner or later* almost 
every branch of industry in which metal parts of any complicated shape are 
required* turns to die-castings as the ideal for economical production. The 
sphere of application will extend considerably if the research work con¬ 
templated succeeds in improving the quality and assuring the reliatfility 
of the allo3rs used. 

The National Research Council has recently issued a Colloid Bibliography 
in mimeographed form. The author* Dr. Harry N. Holmes* of Obcsrlin 
College* Chairman of the National Research Council Committee on the 
Chemistry of Colloids* intends this edition to be preliminary to a more com¬ 
prehensive one. Yet it is a book of 135 pages containing 1*800 references on 
X06 topics. All the references are cku^ificd and many are accomp^ed bv 
brief comment as an aid in deciding on their relative importance, TOs book 
may be purchased from the Washington office at fi.oo. The theoretical 
and industrial importance of colloid chemistry is now admitted without 
question. In fact it links together the sciences of chemistry* physics* soology* 
botany* geology* medicine* apiculture* and even astronomy whenever that 
science deals with comets' tails. Few are the industries that do not have 
colloid problems to solve. The human body is colloidal*in composition* 
the digestive processes are governed by colloidal rules of action* and tbye 
bacteria of disease are of a colloidal degree ofdispersion. But for the colloidal 
adsorption of calcium phosphate from the blood-stream by the bony cartilage 
man would be a mere spineless jelly-fish. 

The Publicity Service of the British Science Guild (6 John Street, Adelphl* 
London* W.C.2) has issued a most interesting pamphlet dealing with helium 
gas and its uses* written by Prof. J. C. McLennan. A survey of all the 
natural gases within the Empire showed that those from Ontario and Alberta* 
Canada* were richest in heUum* though the prc^rtion was relatively low* 
being about 1 per cent, of the natural gases. The supply firom sources in 
Great Britain is almost negligible* the natural gas at Heathfield* Sussex* having 
a helium content of only i per cent.* and that from the King Spring* Bath, 
of i per cent. No natural gas within the Empire has been found to contain 
as much as i per cent, of helium* whereas in the Western States of Amcrioa* 
especially in Texas* natural gases exist which contain from x to 2 per cent, 
of helium* and some springs in France have as much as 5 per cent. 

We have received from the University of Chicago Press a catalogue of 
the very comprehensive collection of astronomical photogim^ whidbt are 
available for sale as lantern slides* prints* or transparexws. Tm list cental 
well over 500 titles and includes everything likely to be required for onUsti^ 
IcMsture purposes. The majority of the photographs were taken at the yerkaa 
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{Maiearvatoryi and all such pbotogra|^ which have appeared in the AsH^ih 
fkyiieal Journal can be supplied. Ihe lantern slidee are all 4 k 3^ inches 
In else and cost 75 cents. 

A full account of the world’s production and resources of Mercury Ores 
has now been added to the Impexial institute Monographs on Mixueral He* 
sources (John Murray, price 55. net). Compiled by Mr. Edward Halse» it 
maintains the high standard set up by the other volumes in this series. We 
note from it that the contract by which the Rothschilds had the exclusive 
rights for the sale of the mcrcu^ produced at Ahnaden expired in December 
I9ax. The very considerable nuctuations in the market price which have 
occurred this year are an indication of the struggle which has taken place 
for the control of the market. The average price of a bottle of mercury 
(73 lb.) in 1913 was £y 9s. 2d.; in 1917 it rose to £22 45. 3d.; in 19x8 it 
was quoted as ** nominar* only, and in 1922 the average was j^ii 35. 
This summer it could be bought for laboratory use at a few shillings over 
£10. 

It is stated in the Supplement to Science (June i, p. xii) that reverbera¬ 
tion and high-pitched noises in offices can be largely elimmated by using 
ceilings of felt covered with oilcloth full of small holes. The felt is suppoi^d 
to ab^rb sounds of short wave-length, and the perforated oilcloth to provide 
a covering which obviates the reflection which would occur at an unbroken 
painted cloth surface. 

Scott’s ship, the Discovery, has been purchased by the Crown Agents for 
the Colonies, on behalf of the Government of the Falkland Islands, to be 
employed for research in the interests of the whaling industry. It is desired 
to determine the geo^aphical limits of the whales, to trace their migrations, 
and to estimate their numbers and rate of reproduction in order that the 
industry may be controlled so as to xaevent further depletion of stock. At 
the same time it is intended to carry out oceanographic, magnetic, and meteoro¬ 
logical observations. The Discovery is being refitted and will hardly be 
rei^y until next year; meanwhile a suitable director for the expedition has 
to be found. It is anticipated that the first expedition will be away from 
England for over two years. 

The third Asiatic expedition of the American Museum of Natural History, 
Which started in the spring of 1921 under the leadership of Roy C. Andrews, 
had for its objective &e exploration of Central Mongolia, a region including 
the moat arid section of the Oobi Desert. As indicated in The Times (August 2, 
1923), results of the first importance have been obtained. More detailed 
accounts of these results may be found in Science (June 29) and in the pamph¬ 
let The American Museum and Citizenship, by Henry Fairfield Osb^, ab¬ 
stracted from the Annual Report of the American Museum of Natural History 
lor the year 1922, A cable from Andrews at Peking, dated September 23, 
2922, epitomises the results for that year Mongolia expedition discovers 

vast fcrnsil fields, rich Cretaceous, Tertiary deposits. Skull BaluchUherism, 
Complete skeletons small dinosaurs. Skulls rhinoceros. . . . Two thousand 
mammals. Mapped large area. Extremely important geological dis¬ 
co vmies.’* 

The geobgical discoveries were as follows : A great unconformity separates 
the foldM sediments of Jurassic and earlier time from all of the desert basm 
Sediments. The marine sediments in this district cease after the Jurassic 
period; above it the sediments are entirely epi-continental. Above the 
mmonformity ten new formations were found more or kss distinguished 
firom eadx other by their vertebrate remains. Four of these are Cxetaoeous, 
two at the confines of Eocene and OHgocene, three in Miocene, and one in the 
IPliooexie. Dr. Osborn daims that this Cretaceous-Tertiary continent 
e O jtt i t i tuted the homeland of the chief orders of reptiles and from 

t^y radiated to Western Europe and Nor& America. Tito ex- 
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pedition is visiting the siune region this year, and Inrther iniportant dti^ 
covedes are anticipated. 

The first annual report of the governing body of the West Indian Agri^ 
cultural College, St, Augustine, Trinidad, shows that a satisfactory start has 
been made and that the wide interest and practical sympathy which its 
foundation has evoked justify the confidence which is express^ as to its 
future fu-ogress and prosperity. As a result of the efiorts of the Principal, 
Sir Francis Watts, and his staff the College opened last October with eleven 
undergraduate and four post-graduate students. An Imperial grant of 
j^,ooo was received during the year on account of a promised contribution 
of j^i5,ooo made on the condition that functions of the Imperial Departxneat 
of Agricultiire were maintained by the institution. The College has acquired 
an area of eighty-four acres for its work, has four staff residences and a dis¬ 
used hospital which has been adapted as a provisional College building. 
The governing body has now under consideration the desirability of 
erecting permanent laboratories and a model sugar factory. The Building 
Fund in December 1922 had an unexpended balance of ;^i9,46o, and various 
firms had promised factory equipment to the value of upwards of ^£20,000. 

Special Keport No. 13 of the Food Investigation Board is entitled, Studies 
in Sweetened and Unsweetened {Evaporated) Condensed Miih, and contains 
the results of a large niunber of experiments carried out by W. G. Savage and 
R. F. Hunwicke (H.M. Stationery Office, Kingsway; price 4^. post 
free). The conclusions arrived at are chiefly of interest to manufacturers 
and public analysts. There are, however, a few points of general interest. 
The most impenrtant relates to the great increase in the bacterial content 
which occurs when the tin of milk is opened. In the absence of oxygen, 
condensed milk is a comparatively unsuitable bacterial medium, and the 
tendency is for a decrease rather than an increase in the number of bacteria 
present ; but once the tin is opened the bacteria multiply with great rapidity, 
and it is concluded that, if condensed milk be used for infant feeding at alt, 
it should be put up in tins containing not more than one day's supply. Dark¬ 
ening of the milk (through a light yellow to buff and finally to a dark brown) 
is an indication of age, and no relationship was observed between baoterial 
content and coloration. The greater the temperature of the milk in store, 
the more rapidly does it dark^, the change being probably due to canunel- 
isation of some of the sugu. 

The Smithsonian Institution has issued a pamphlet on Manufactured Gas 
in the Home, by Samuel S. Wyer (Bulletin X02, part 8; Washington: the 
Government Printing Office, 10 c.), containing information which should be 
read by every gas-uaer, and it is to be regretted that a similar booklet, with 
the slight modifications necessitated by the change of country, is not available 
for wide circulation over here. While emphasising the great advantages which 
follow from the use of gas produced in by-product coke ovens, it pointi out 
clearly to the user bow his burning appliances should be designed, adjusted, 
and used so as to give efficient and safe service. A special warning is given 
against the use of the so-called ** odourless," " smoke-consuming," and 
" chimneyless " gas heaters. " These are always dangerous and a positive 
menace to health." " Much depression and lassitude of spirit, lower vitality^ 
and hence less resisting power to the ever-present disease germs, may ht 
^aped to gas fumes from ffueless gas-heating stoves," " FurthermofV, a 
nualess stove properly adjusted at 9 o'clock in the evening, when the person 
goes to bed, may become a carbon-tnonoxide generator several hones latst, 
due to deflection of the flame or small change in pressure, vffien the person 
is aslepp." The warnings could hardly be more empha^ I One HMlIr 
cause of carbon-monoxide production is said to be the radiant giRii fire When 
it is adjusted so ^t the radiating elements glow for more thin 
of the distance from the bottom to the top. The possibility ol repko^ 
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(pm Imtari im4 gM cocHtm hy electric i^pliaiioae is dim^med^ end l^m 
euetimente cerried out at the University ol Washington it it lound that 
6 lh« ol coal would be reqi^ed lor electric cooking to x lb. for gas 
ooo]i;lng. Hence electric heating must be r^arded as a wasteful luxury. 

Ac^rding to correspondence in the medical press tbeze is evidence of 
much surprise and some disconoertan<^ among the doctors regarding the 
current outbreak of smallpox, chiefly in Gloucestershire. The disease appears 
to be of such an extraordinarily mild type that some observers think that it 
must be merely varicella (chickenpox)—and the difficulty of dia^osis 
between varicella and variola (smallpox) is notoriously great, except in the 
presence of well-defined epidemics of either. Little prominence, however, 
seems to have been given to the idea that the disease in England may be 
merely what is called Alastrim in the tropics, a malady which lately me* 
valed in Antigua. Some account of this West Indian epidemic wilf be 
found in the Journal of Tropical Medicine, June 13, and a short but excellent 
description of Alastrim is contained in Drs. Castellan! and Chalmers's great 
Manual of Tropical Medicine, last edition, 19x9, page 1491. with a plate 
showing the remarkable resemblance of Alastrim to smallpox. The chmao* 
texistic of Alastrim is that it is extremely mild (mortality only 1-2 per cent.)* 
Cowpox vaccination protects against Alastrim, but it also succeeds immedi¬ 
ately after an attack of that disease. We should say, however, that the 
whole subject requires much more careful investigation. Is it not surprising 
that after all these years so little addition has been made to the great work 
of Jexmer on smallpox, which was completed a century and a quarter ago ? 
We have not certainly found the germ of smallpox, and consequently all 
these important problems remain in the air. We do not know exactly how 
the contagion is conveyed, and we have made no attempts to discover a cure. 
Nbthing better shows the incompetence consistently exhibited in the world's 
oounsels concerning medical matters. In spite of the thousands of doctors 
and hundreds of paid investigators the most important medical problems 
•tUl remain unsolved and often not even attacked. 

The same remarks may be made regarding cancer. The Ministry of 
Health has recently issued a memorandum on cancer prepared by a depart- 
meikal committee. It is a disturbing document. The cancer rate contmues 
to rise by annual increments which really cannot be explained by improved 
dla^mosis or by any statistical considerations. Tlie death-rate in England and 
Wi^ has gradually increased from 0*32 per x,ooo in 183X-60 to i*x2 per 1,000 
in. i9ix-*2o, and x*2X per x,ooo in xqax. In other words, nearly one out of 
every ten persons now living will probablv die of this most painful and 
tsrriole malady—pleasant prospect to look forward to. A brave attempt 
is being made by a number of gentlemen to start a " British Empire Cancer 
Camper/* and we wish every success to it—^they are asking for a million 
pmmds Itom the public. At the same time, many subsidised cancer researches 
mm turer being carried out in connection with a number of hospitals and 
other institutions, and there is already an Imperial Cancer Research Fund. 
Wa yridh prosperity to all of them; but as some of them have been in existence 
te many years the public is beginninff to feel rather despondent on the 
matter and is inqiflring whether something else caimot be done to stimulate 
qoiolmr progxess. 

V9i» oongratalate the Wax Office for having appointed a diatingutshed man 

wienoe. Sir William B. Leiahinan, K.C.M,G., F.R.S.> to be Sixeotor' 
- .OaM^ of its efficient Army Bjpdical Service. 
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CORRESPONDENCE 

To iht Editor of SciBKCS Procbsss 
ATOMIC FORM 


I—From Edward E. Price 


Dear Sir« —With reference to the review of this book published in the 
April number of Science Progress, will you allow me to point out that 
iK>me work has been done on the construction of space^lattices consisting of 
carbonoid aggregates which has not yet been published. It has been found 
that by simple arrangements of carbonoids in three dimensions, two different 
forms of strictly rectangular structures can be built up, both corresponding 
to the tetragonal system, and by a further and different arrangement a third 
structure analogous to a tetrsdiedral space-lattice can be formed. Your 
re^dewer was naturally unaware of these results. 

Diamonds are obtainable in a variety of forms, including not only the 
octahedron and cube, but also tetrahedral and tabular crystals are obtainable. 
A careful study of these shows that if the space-lattice is arranged on the 
cubic 83r8tem a tetrahedral form exists (as described) which is part of either 
the oct^edron or the cube, the form being dependent upon the method of 
arrangement adopted. 

In the octahedron the bases of the tetrahedra are on the outside and form 
the eight faces of the octahedron. In the cube the outer surfaces are those 
of the three right-angled faces surrounding the apex of the tetrahedron. The 
latter may therefore be correctly described as the simplest form of the carbon 
crystal. 

May I also point out that with regard *to crystals of benzene, we have 
to deal with six hydrogen atoms which may be expected to exercise some 
influence on the crystal structure of that compound. 

1 am, sir, 

Yours faithfully, 

Ed. E. Price. 


May 7, 1923, 

The Haven, Dorman's Park, 
Surrey. 


II-«From W. a. Astbury, B.A. 

Dear Sir, —The reviewer must confess that he was unaware of the 
|>ubli8hed work on the construction of space-lattices from ** carbonoid 
aggret^tes," but that does not alter the fact that the structure of diamond has 
be^ known for quite a longtime (W. H. and W. L. Bragg, Proc, Hoy. Soc, A^, 
Vol. 89, p. 277). And whatever discussions may have arisen with regard to 
the detaus of more complex structures, the Bragg analysis ol diainOnd haa 
been accepted without hesitation by chemists, physicists, and cryitaU^gtaidieife 
throughout the world. The structure of diamond is simply this : it oowsta 
of two interpenetrating face-centred cubic lattices of carbm atoms arranged 
in such a way that each atom lies at the centre of gravity of lour oth^. 

286 
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In Sb 9 MX 0 r*$ pamt on ** The Relation between Molecnlar and OTStal Sym^ 
metry (Prac. Phys. Soe„ Feb., 195*3) it is shown how the carbon atom must 
possess at least one threefold axis of symmetry: but more recently Sir Wm. 
sragg has concluded that it is probably more highly symmetrical still, the 
unit cube contains eight atoms, and if these correspond to eight inter¬ 
penetrating difierently orientated simple cubic lattices, the symmetry of the 
carbon atom in diamond is at least tlnee. But X-rays reveal no more than 
two different orientations of carbon atoms, t.s. there are really only two 
Bravais face-centred cubic lattices, and the symmetry of the atom is twenty- 
four, that of a tegular tetrahedron (v. Sir Wm. Bragg’s letter to NaHw$^ 
Afudl 21-3, where it is shown that the structures of diamond and basic 
bwyllium aoetate Be40(Ac)6 are completely analogous). This recent de¬ 
velopment makes the case for the carlx)noid ** rather worse than when the 
review was written. But even in the less symmetrical form of carbon, 
graphite, one-trigonal axis is still maintained by the carbon atom. There 
is a direct connection between the structures of diamond and graphite, and the 
aliphatic and aromatic divisions of organic chemistry. 

. It is also necessary to repeat that the tetrahedron, whose base is an 
equilateral triangle and other sides right-angled triangles, is not the simplest 
form of diamond. It is merely the corner chipped off the cube (in accordance 
with the perfect octahedral cleavage), and as such is a combination of two 
forms, the, cube {100} and the octahedron {xxx} (or regular tetrahedron {xxs}.} 
Any elementary textbook on crystallography will elucidate this point. With 
regard to benzene, see Shearer’s paper above, or Sir Wm. Bragg’s lecture 
(Trans. Chem, Soc,, vol. 121,1922). 

May 22, 1923. W. T, A. 

THE EVOLUTION OF THE CATERPILLAR 

From C. C. Ghosh, B.A., F.E.S., Entomologist, Agricultural Dbfart- 
MBHT, Mandalay, Burma 

Dbar Sir, —In this interesting article, by Herbert Mace, in order to explain 
how a leaf-rolling caterpillar brings together the two edges or two opposite 
parts of a leaf, a footnote is added (Scibncb Progress, April 1923, p. 624) 
that ” it is probably natural shrinkage of the silk, as it dries on exposure, 
which draws the parts together.” This is not the real fact, as will appear 
from observing a caterpillar doing the work. The silk is applied to two 
opposite points and the caterpillar places its legs on the silken thread and 
presses it down, thus drawing the two points closer. At the same time more 
jnlk is applied and rimilarly pulled down. Therefore the two opposite points 
tfi the leaf are brought quickly together. If the natural shxinkage of the 
silk had to be depended upon the work would have taken probably a day, 
while it is actually performed in some cases in a minute or two. 

May 17, i923» C. C. Ghosh. 

Mahdalay, Burma. 

DR. KAMMERER IN CAMBRIDGE 
From Prof. E. W. MacBridb, F.R.S. 

t>BAR Sir,-— Perhaps you will allow me to make some comments on MSr. 
Thacker’s account of Dr. Kammerer’s Cambridge lecture which appears in 
your last issue. 

Mr. Thacker says that the phenomena described by Dr. Kammerer form 
tod narrow a basis on which to found the far-reaching generalisation that 
a^oiiad chmractexv are inheritable. Now the idea that the effects of baMt 
Itta inhe^ble is one which was forced on me by a wide survey of the facts 
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of oomparative embryology before ever I had beard of Kammeier* wA 
eame ccmclosion the beat syatematic aoologist and the beet |MdcMteli3i|^ 
amongit my acquaintances have likewiae be^ driven by the fadke which tiaye 
formed the subjects of their lives* study. What was needed to complela 
conviction was the experimental demonstration that« in one or two partknUur 
instances, the efiects of habit were actually inherited, and it is this proof that 
Dr. Kammerer has supplied, and the worldng out of it occupied a period of 
thirteen years. 

Does Mr. Thacker suggest that before accepting the possibilitv of the 
inheritance of acquired characters he mtist wait till a similar proof nas been 
brought in the case of a large number of different sp^es ? No ordinary 
span of human life would suffice for such a demonstration, and in no other 
sdence than biology would such a requirement be made. If a law is deduced 
from a general survey of phenomena and its truth is experimentally shown 
in one or two critical cases^then the law is regarded as proved. The only 
reason why this is not so in biology is the unfortunate fact that in the min<to 
of many biologists Mendelism has ceased to be a descriptive theory, but has 
become a dogma—nay, even a religion. 

But Mr. Thacker goes on to make specific objections. He complains that 
Dr. Kammerer did not state what was the normal range of variation in the 
colour pattern of Salamandra maculosa or the number of specimens which 
he used for his various experiments. 

Now Dr. Kammerer stated that full details were to be found in his com* 
plete papers, which are well-known parts of the literature in that department 
of here^ty, and which it is evident that Mr. Thacker has not troubled to 
read. But in his lecture Dr. Kammerer did state certain things which should 
have been decisive for Mr. Thacker. He stated that in trying the effect of a 
yellow background on Salamandra, he always started with an almost black 
specimen and that he invariably got the same result in all the salamanders 
which survived to maturity. This result—-in two generations—was the 
production of a Salamandra iaeniata, in which the yellow colour was arrayed 
£q two broad bands on the back. This variety is not to be found amongst 
the wild Salamanders in the neighbourhood of Vienna, all of which belmg 
to the sub-race S. typica. 

Then Mr. Thacker complains that salamanders belong to a group of 
animals which are apt to behave very differently in different circumstances^ 
as witness Amblystoma, This objection is,as rational as would be the objec¬ 
tion of a conservative astronomer to modern efforts to determine the distances 
of fixed stars on the ground that experimenters had begun .their stikUes 
with stars with a determinable parallax I Undoubtedly Amphibia generally* 
and salamanders and newts in particular, are more plMtic than many 
animals, and therefore the results of changed conations on them can be 
demonstrated in a measurable time; but even when in ons fifiSNIfjsfl 
they change their structure in response to new habits yet the rhiyimfk 
start where the parents left off, and the demonstration of the fact that 
the exposure of the parents to a particular environment produces ea 
appreciable effect on tlieir offspring, is the crux of the proof oi the inheH- 
tance of acquired characters. Finally, Mr. Thacker objects to Kammeiurti 
dilemma that If what changes cannot be hereditary and if what is hered^axy 
cannot change, we can only predict the immutability of species.'* Mr. 
says that followers of Weismann only say that a change, to be hereditMry, 
be a change in the germ-plasm, and that Kammerer's dilemma is a 
Mr. Thacker's statement is indeed a meaningless truism. Wbat^ It ipw 
be asked, is meant by the question-begging phrase the gem-^plasm f 
Mr. Thacker means the germ-cells, then all the trend of modern cytdepi^' 
research is to show that there is no essential difference in constHutlon bC^^ 
gsrm-cehs and somatic cells* and does Mr. Thacker imagine that KamM# 
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they developed most have been altered ? 

No; the tme Mtemative is whether we are to regard the alteratioae in 
(be genn^Us as entirely uncaused or due to chance/* or whether they are 
the results of changes produced by the influence of the altered soma. Whidh 
Is the more reasonable supposition 1 leave to the judgment of your readers. 

E. W. MacBwdb. 

IMPBUIAL COLLBGB OF SCIENCE AND TECHNOLOGY, 

July 4, 1923- 


THE DARWINIAN THEORY 
I— From R. A. Fisher, M.A. 


StR««^In his article on The Present Position of the Darwinian Theory,'* 
Trot MacBride puts forward a case for the " inheritance of acquired 
characters," and appears to regard the acceptance of the reality of such 
inheritance as necessary for a belief in the ^adual transformation of species. 
The in his argument is best displayed m the following passage (p. 8 a): 

"We are driven, I think, to the conclusion that there is no evidence of 
the existence of that variability to an indefinite extent in all directions which 
Darwin postulated. In a word, the minute difierences dividing members of 
due litter from one another are not inheritable. It is usual nowadays to 
attribute such difierences to accidental variations in nutrition either prenatal 
or poetnatal, and they are termed Fluctuations. If we reject ^h the 
inherited efiects of habit and indefinite variability, there remains only a 
third alternative to fall back on, vit, the strongly marked variations formerly 
denominated sports or monstrosities, which sporadically occur not onlv 
amongst our domesticated breeds, but also amongst wild species, and which 
are known to be strongly inherited." 

The process of exl^ustion in the last sentence is so far from being com¬ 
plete that it omits the almost universal form of variability, which may be 
exemplified by human stature. The difierences in stature dividing brothers 
from one another are not, in ordinary language, " sports or monstrosities "; 
they can scarcely be attributed to the inherited efiects of habit; and they 
are known to be strongly inherited. They repesent, I fancy, very much the 
type of " indefinite variability " which Darwin had in mind, and if we speak 
of them as fluctuations (as opposed to sports) we must recognise that fluctua¬ 
tions are of two kinds, those due to heredity and those due to environment. 


If, on the other hand, we wish to designate all hereditary changes by a single 
w^, Mutations, for example, we must remember that this term (which 
Pkof. MacBride uses as synonymous with "sports or monstrosities") is 
iapplkaMe equally to the h^editary basis of fluctuating variation. 

inm pore-line eiq>eriment 8 to which Prof. MacBride refers show that 
itidi mutations are rare; their rarity is of importance in ^owkg light 
teem the question of whether the factors underlying hereditary fluctuara^ 
itetetkm are inherited on the Mendelian scheme, as so many '^sports " are 
limte to be. Mendelian inheritance of fluctuations implte that a large 

a iber ol factms are present, and I have recently shown (Proc, Roy, $oe^ 
I., vol* hit PP< that with Mendelian inheritance mutations must be 

g else t& variabiUty of the species would continuaUy increase 
nit. Under blending inheritance continual new mutations would 
ry in every generation in order to maintain the varial^ty; 
ith Mendelian inheritance the new mutations have only to be 
numerous to counterbalance the occasional extinctidn of genes, 
ts prihdpafiy owing to adverse imlection. The rarity of mutations 
e experimtets is thus favourable to the view that hereditary 
variatkm h doe to numerour Mshddian factors. 
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To this evidence of the Mendelkm inheritance of finctuatiet veriattoii 
may be added that of the statiarical study of human measuremwia. A 
measurement dependent on numerous cumulative factors shotdd show 
approximately normal distribution, and the simultaneous distribution of the 
measurements of two relatives should show an approximately normal surface 
with linear regression; these expectations have been strikingly realised. 
Going more into detail, it is invariably observed that the fraternal correlation 
is slightly larger than the parental correlation, and thU flows as a necessary 
consequence from the Mendelian phenomenon of Dominance^ Finally, from 
the correlations between husband and wife, combined with the parental and 
frater^ correlations, it is possible to calculate a quantity termed the 
** dominance ratio.*' The available figures for three human measurements 
agree within the limits of random sampling, and give a mean value *32 dr -03 ; 
this also agrees closely with expectation, for, as I have recently shown 
the theoretical value for the dominance ratio for a population s¥bj$ct io 
$§UcHon is exactly one-third. 

Those who are prepared to believe that such a series of verifications is 
due to chance will scarcely be convinced by the actual isolation and identi¬ 
fication of the factors concerned ; this has, however, been achieved in Droso- 
phUa in the case of the fluctuating variability of the abnormal condition 
known as ** beaded wings." The rapidity with which a character dependent 
upon cumulative factors may be modified by selection is shown also by the 
hooded pattern in rats, in which selected lines have been modified in both 
directions so as to consist of almost all-black and all-white individuals, and 
in which back-crosses have verified the hypotheses of cumulative factors. 

These examples show that the selectionist, who (p€ic§ Prof. MacBride) 
may also be called a Darwinian, has no need to postulate the " inheritance 
of acquired characters ** in explaining the gradual and progressive modifica¬ 
tion of characters showing fluctuating variability. If Dr. Kammerer and 
Prof. MacBride can demonstrate the inheritance of environmental re- 
SDonses, so much the better; but such a demonstration would be far from 
(^placing the natural selection of fluctuating characters as the predominant 
cause of evolutionary change. 

R. A. FrsHXit. 

Rotbamstbd Experimental Station. 

JiHy 20, 1923. 

II—From Prof. E. W, MacBride, F.R.S. 

Dear Sir,—M r. R. A. Fisher has been kind enough to send me a t3rpe- 
written copy of a letter which he has addressed to you criticising my artide 
on the " P^sent Position of Darwinism," which was published in the lait 
number of Science Progress. The point of Mr. Fisher's criticism is that, 
in analysing the difierent types of variation, I had omitted " the alxiaost 
universal form of variability, exemplified by human stature." This, it seatna 
to me, is a very rash accusation to be levelled by a non-biological mathema¬ 
tician against a biologist. Mr. Fisher goes on to make some remarkable 
statements. The fact that measurements of human stature can be arraaKed 
on a Galtonian curve of error is held to prove that they are due to the ocmfr** 
rence of a largs number of §mall inheritable " mutations." Mr. Fisher also 
states that differences of stature between brothers are known to be strosigfy 
inherited. 

Now Mr. Fisher's objections are characteristic of the loose kind Of 
statistical jugg^g that passed for research in heredity before the inriitonoo 
on exact expenmental methods. How, for instance, docs Mr.^fii(dier kap^, 
or hw could anyone know, that diffemnoes in stature between brothonp aie 
inherited ? This could only be done if the brothers married women 
exactly the same genetic oonstitution, and how could tiiis Siineneii be 
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feartiliWKl ? One bas only to state the position clearly In ordart^^ 

iSe the absurdity of it. Ihe fact is, that knowledgs of the principles of 
hMsdliy can only be obtained by careful experiments conducted under 
tUndardised conditions. It was tacitly assumed by Darwin that differences 
b et w ee n members of the same family, brood, and litter were inheritable. 
Tte pure-line experiments were devised in order to test this assump^n: 
aiid the answer that they have uniformly given is that the assumption is 
incorrect. To attempt to maintain, on the ground of the mathematical 
manipulation of human statistics, that small '^mutations ** and excess and 
defect do nevertheless occur in sufficient numbers to account for the whole 
process of evolution is thoroughly unscientific. We are not allowed to make 
experiments with our fellow human beings. Therefore the laws of heredity 
can only be ascertained by dealing with the lower animals and plants. 

I do not for a moment deny that there are inheritable difierences in stature 
amongst the population of these islands; but their explanation is very 
simple. Our people are a mixture of three different races; the Nordic, the 
A^(£ae, and the Mediterranean. Each race has its own normal stature, which 
la a racial characteristic. These races have been Intercrossing in the most 
complicated fashion for the last 2,000 years; probably the majority of 
in^viduals are blends in different proportions of all three. Is it any wonder, 
thexefore, that these various inheritable tendencies in stature exist ? 

There is every reason to believe that the racial characters have been 
slowly acquired during a struggle extending over many thousands of years 
with the forces of Nature in the region in which each race was evolved, and 
that ^ characters are examples of functional evolution or the ** inheritance 
of environmental response.** 

1 do not wish to tresx)a88 upon your space to discuss the theory of ** multiple 
factors,’* or Morgan's supposed verification of them in the case of " beaded 
wing.** I have already expressed my opinion that one and all of Morgan’s 
mutations are pathological in character and have no anabgy with the differ- 
enoes between natural raoes and species. No one denies for a moment that 
these pathological variants mendelise beautifully when crossed with the type, 
but I strongly suspect that the phrase ** multiple factors ** could advan** 
tageously be replaced by ** differing degrees of damage.** 

Mr. Hsher states that the ** selecti^ist ** has no need to fall back on the 
Inheritance of acquired characters in order to explain evolution. Selection 
by itself creates nothmg, it only enables the ** fittest,** when here, to survive. 
1 am as strong a believer in natural selection as Mr. Fisher, but the fittest 
alb, in my opinion, those individuals which react most strongly and vigorously 
to ^ environment. In Mr. Fisher's view they owe their genesis to " chance/* 
Finally, Mr. Fishes invites Dr. Hammerer and myself to demonstrate 
the inheritance of environmental response ** if we can.** I am sure that 
Dr. Hammerer nor 1 nor any other well-advised biologist would 
a t tem pt such a task unless: (i) Mr. Fisher acquired sufficient biological 
knowledge to appreciate our e^dence; (2) made himself acquainted with 
tiie Stalls of that evidence. 

To what has been the dominant factor in evolution 1 prefer to Mr. Fisher’s 
opbpdon the views of those of my friends amongst jpal»ontologists and syste- 
Ailto Zoologists who are best acquainted with the facts, and they are tending 
iMm and xnore to view the Lamarckian solution with favour. Mathetnatidazm 
Ota render invaluable help to biology, as they can to other sciences, when they 
with data which have been sorted and prepared for them by the specialiits 
scienoe; but when they atteznpt to draw conclusions from unanalysed 
in subjects which are unfamiliar to them, their efforts only result in 


E. W. MacBriob. 
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«XS VmOVAOATZOV 07 SOOVDt FmOM SXTXAfnOIS 
(J* P. Asdsewi, B.8o.)- 

During the past lew years, curious problems connected with sounde 
from great explosions have engaged the active attention of meteorologikti 
and of physicists both in this country and on the Continent. The chief 
interest centres round the anomaly of propagation, according to which, not 
only does the intensity of the sound fall ofi as the distance from the source 
increases, but it is renewed with unexpected vigour at much greater distances, 
although in the intervening area no sound at all can be heard. Thus we have 
an Inner or First Area of Audibility very roughly surrounding the source, 
the dimensions of the area being difierent for different explosions. This is 
encircled in most cases by a very irregular belt where sounds heard are lew 
or none—^the ** Zone of Slence "—^whilst farther afield yet are found areas 
where sounds are again heard quite unmistakably. This last is known as 
the Second or Outer Area of Audibility, and it has been with a view tG 
exj^aining the manner in which the sound reaches this area without travendnf 
the lowest regions of the atmosphere that most thought has been expended. 

The oldest theory was founoed on considerations of wind and temperatme* 
and has for that reason been called the meteorological theory. In principle 
it was as follows: if a sound wave, in traveUing upwards in a slaxit&!||( 
direction, is overtaken by a wind w^e component of horizontal veksdtV 
increases with the height above the earth's surmce, then the sound wave wtu 
be swung round, since its more elevated portions are travelling the quickset. 
Under these circumstances, the wave should eventually return to aidiil 
without having been detected in the area close to the source. On the ofeleMr 
hand, if the direction of the wind is opposed to that of the sound wave, mitk 
a similar velocity-gradient, the sound-wave should be deflected from this 
earth. The simplicity of this outline would never apply to an actual OpSi, 
but certain conseauences may clearly be drawn. For example, it wodid 
not be expected toat the various areas would be symmetrically disposed 
round the source, whilst the summits of the ** sound-rays " will rarely readhf^ 
greater altitude ^an xo km. Up to the outbreak of war there were, nowevat* 
few observations by which the theory might be tested. The ob0crvatlohs;<d 
Fujiwhara in Japan, while aflording justification for the hypothesis, scared^ 
confirmed it. 

Whilst the matter was in this nebulous state, von dem Borne in 19x0 thpadr 
out the bold suggestion that the sounds of the outer area were due to wi wg i 
retumng from much greater altitudes, of the order xoo km. in fact. ^Sts 
coxisidered that the quiescence of the atmosphere above 10 km. would alMir 
the heavier gases to sink to the bottom, leaving an upper atmosphers 

r bd mainly of hydrogen and helium. At xoo km. from the ear&'s sod^ 
estimated the amount of hydrogen to be 99. It follows, fpr r sdi t i hs . 
used before, that any sound wave penetrating to such heights will be 
rouzkd toward the earth. In distinction from the older case, vre observe 
that the sound areas should be symmetrical with respect to thesoum, eigcept 
as they are modified by winds near the surface. Vbn dem Borne cateulalid 
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tliit * fakly " sharp ** innhr edga shohld be observed on the Outer Aiea» 
at a djbiteiice never less than X14 km. 

OA Account, perhaps, of the ingenuity of the theory, it attracted attention 
adthont carrying convictioni until in 19x5 it found an advocate in Van 
Byeidingen, the Dutch meteorologist, who in that year published a careful 
a^ysis of eight series of explosions whose audibilities had been observed 
in Holland. The evidence was in some cases decidedly in favour of the new 
orphysicaltheory, as in one instance where the inner edge of the second 
area formed an almost perfect arc of a circle whose completion appeamd to 
be in the belligerent area, or when it was pointed out that there actually was 
a minimum distance from the source within which the outer area seldom 
ventured. Unfortunately this distance was nearer 160 km. than 1x4 km.; but 
van Everdingen, on more accurate recalculation, gave very plausil^ reasons 
why this should be reckoned as an inaccuracy of van der lime's work rather 
than a blemish of the theory. It cannot be said, however, that the weight 
of observation was on the side of the ph3r8ical theory, for seven out of the 
sight series showed a disconcerting lack of symmetrical distribution, although, 
again, it seemed certain that winds had no consistent efiect in producing th^ 
mtortions. 


Renewed interest stirred up criticism, and objections were soon brought 
lorwmrd. Schmidt, for example, remarked that at 100 km. the air is so 
attenuated as to amount to a vacuum, and it was inconceivable that sound 
itould be propagated across a vacuum and return to earth with suficient 
intensity to rattle windows. Yet it appears, as was pointed out by Schrddinger, 
that there are ways in which this might occur. Indeed, it had already been 
shown that the upper atmosphere would converge the sound waves in a 
manner analogous to that of a convex lens# 

The theory has encountered much more serious setbacks since then, from 
more recent observations which, as often as not, are not explicable on either 
theory. For instance, M. A. Perot reports that bombardments at the front 
vrere neard at Meudon only when the wind blew from Meudon to the battle* 
field, and never when the wind was in the contrary direction. Meteorological 
infiuence is apparent, but in an unexpected form. Again, bombardments 
vmre only audible on the Allies* side of the line in summer (it is reported) at 
great distances, whereas the Gexmans and Belgians heard them only in 
winter. It begins to appear, too, that whether highly arched rays aie to ^ 
considered or not, there are certainly some sounds which reach the second 
aiea of audibility by a low route. This was noted in the time of Uie great 
erosion at Silvertown in 19x7 (on which occasion there also appears to have 
been evidence that air waves *' pf inaudible frequency passed through 
jSone of Silence). The results for the British Isles of the observations on 
the audibility of the ddebroek explosion of October last confirm this. The 
obierved velocities have been grouped, and it would seem that the sounds 
travelled in some cases by briefer routes than in others. Now van Eveidingen 
kis calctdated that the Ugher route should require a few minutes longer than 
^ km route, and it may be that both routes are possible. It would be 
tiili, however, to regard the recent observations as conclusive. 

Unenected difficulties have arisen with an attempt at moxe pxedse 
fibservamn. Major Tucker's observations indicate that earth tiemors ate 
napnble of travelling from the explosion and disturbing an accurate recotding 
wixttment, to the confusion of the results. Nevertheless, experimental 
eijbtosions such as that at ddebroek cannot fail to give a cleam insight 
real nature of this baffing problem, whose intricacies seem to have 
fik^faessd with every attempt to unravel them. 
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tMAWDuax Axa^wArwM 

Ikaudiblb air«v«ives are manifested chiefly by the shaking of leindowe# 
the disturbance of pheasants, and. in a few cases, by the records of baromaf^ 
Qose to the origin, windows rattle while the sound of an explosion is neai d » 
at distances of several or many miles, the two noises are separated by a aeoond 
or more, showing that the sound-waves and inaudible air-waves travel with 
different velocines or by different routes. The disturbance of pheasantsi 
has been attributed to keener powers of hearing low sounds than are possessed 
by human beings. That this Is not the case, however, is clear, (i) because men 
hear the sound of an earthquake far beyond the limits of pheasant'^distur* 
bance,^ and (ii) because pheasants are sometimes not affected until after the 
sound has died away. It is more probably due to the quivering of the 
branches on which they are resting produced by the passage of the iwudible 
air-waves. 


Air-wav£s from Gun-firing 

The sudden disturbance of pheasants is often caused by distant gun-firing. 
For instance, in May 1912. a trial firing of the heavy guns of H.M.S. Orion 
was carried out off Weymouth. The reports were heard at Hambledon« 
near Godaiming (92 miles). '' At each discharge.'* an observer there writes, 
** there was ... a prolonged dull vibration, hardly audible excejpt by the 
noise of the secondary vibration induced in doors and windows, but.^ he adds. 

the pheasants were crowing all around/' Pheasants were also disturbed 
by the same gun-trials at Drayton St. Leonards, near Oxford (95 mUes). 

On July x8. 1900. at about zo p.m.. a sham fight took place between two 
portions of the French fleet assembled at Cherbourg. The number of vessels 
en^ed was 43. including 13 of the largest battleships then built. It is 
es&nated that the number of charges fired was more than 24.000. The night 
was very still, there was hardly a breath of wind and the sea was calm-— 
conditions that, shortly after sunset, favoured the transmission of sound¬ 
waves in the lowest atmospheric layer. The sound was heard along the 
south coast of England from Torquay (101 miles) on the west to Bdghton 
(X04 miles) and Henfield (107 miles) on the east, and in only two cases mote 
than a mile or two from the coast. At Lancing (xoo miles) a curious throbbing 
sensation in the air was noticed, and an observer at Brighton remarked that 
he heard or felt the sound. At most, if not all. the places of observation, 
windows were shaken, and this also happened at more distant places at which 
no sound was heazd—at Plymouth (123 miles)'and Menheniot, near Liskeard 
(136 miles).* 

Action of Dogger Bank : January 24. 1915.—On this day there was n 
nmning fight between British and German cruisers. The enemy ships ware 
first sighted at 7 a.m. Soon afterwards they turned and made for th^ 
home ports, closely followed by the British vessels. The first shots waxa 
fired at about 9 a.m. Half an hour later, the slow-going Blikher fell behind 
and. becoming a target for each of our cruisers as it passed, sank abcmt 
noon. At 7.30 a.m. the position of our ships was lat. 35® xo^ K., 
long. 3* 32' E.; at xx.30 a.m. it was lat. 54® 21' N., long. 5® 4' E.* At 
9.30 a.m. it would be about lat. 54® 48' N„ long, 4® 20' E., or about 232 milei 
east of Sunderland. The distances given b^ow are measured from thbi 

1 Du^g the Hereford earthquake of 1896. pheasants crowed at a distaxiot 
of ixx miles to the north-west of the origin; the sound was heasd man tOl| 
distance of X70 miles in the same direction. During the Doncaster eaiHi^' 
quake of 1905, the farthest place at which pheasants were aitoctod is 38 mUes 
from the origin; the sound was heaxd to an average distance cd €» mifas/ 

• Nature, vol. bdl, X900, pp. 378-9. 

• Jellicoe. The Grand Fleet 19x4-16. pp. 
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|k:^» bat it should be remembered that the position was constantly Vhryiagi 
and that the British and German lines were separated by several miles, 

Long before the news of the battle reached this country^ it was clear, 
Irom tile behaviour of pheasants, that heavy firing was takt^ place ofi our 
eastern coasts. From the north of England, Canon Kawnsley collected 
many records, and several interesting letters also appeared in Th$ Tim$s. 
From the southern counties there comes only one record of a disturbance 
that may have been connected with the North Sea firing! At Merton, near 
Thetford (2x6 xxiiles), ** the pheasants from 8 to 10.45 shrieked themselves 
hMTse with terror,** and '* even the smaller birds on this occasion were 
terrified.*' It should be remembered, however, that there was at this period 
frequent firing in the North Sea of which the newspaper Press contained no 
account. Moreover, it was not until about 9 a,m. that the firing from the 
cruisers became general, and the sound-waves would require about seventeen 
minutes to travel 216 miles. 

At only one place in this country was the sound of the firing actually 
heard. In Gunby Woods, near Burgh-le-Marsh in Lincolnshire (ao8 miles), 
the crowing of pheasants was noticed, and the guns, it is said, were heard 
eimiUtaneously. At 9.45 a.m., pheasants in the Mulgrave Woods, near Whitby 
(207 miles], were excit^. In other parts of Yorkshire, the restlessness and 
crowing of pheasants were noticed at West Ayton and Langdale End (200 
mUes), Market Weighton (216 miles), York (221 miles), Byland Abbey ^ 
(236 miles), and Brompton and Hipley ^ (248 miles); and, in the north of 
Lmcolnshire, at Saxby (22X miles). Farther to the west, similar observations 
were made at Skirwitii Abbey and Lowther, near Penrith (282 and 288 miles), 
B^ockPark, near Carlisle (294 miles), Huncom (311 miles), and Clifton Moor, 
near Workington (320 miles). At Ri^ey the sound of the guns was inaudible 
and was representi^ by a curious ** soughing ** in the ears. 

Air-wavbs from Explosions 

Explosions of Zsppelin Bombs .—^During the war, the counties along the 
east coast were frequently visited by enemy airships. These counties contain 
many pheasant-covers, the birds in which were alarmed in the usuad manner; 
they new restlessly from trees and the cock-birds crowed loudly. The 
excitement among them occurred when the explosions of the bombs were 
quite inaudible to human ears, and even when the bombs were dropped at a 
mstance of 80 miles. When the explosions were just heard, it was noticed 
ttot the pheasant-crowing usually began a second or more before the arrival 
of the reports. At small distances, however, the sound was heard before the 
arrival of the inaudible waves. For instance, during the Midlands air-raid 
of January 31, 19x6,'the Zeppelins passed from three to seven miles west of 
Birmingham. The flashes of the bombs were visible as great columxis of 
light, and the sounds were followed, from about half a second to a second later, 
by a brief and sharp rattling of the windows. 

East London Explosion : January X9, 19x7.—^The areas over which the 
sound of this explosion was heard are shown in the accompanying map. Tba 
inner sound-area extends east-south-east to near Canterbury (48 miles), 
and north-west to near Wellingborough (66} miles); towards the norih-oast 
its boundary passes at 20 xxdlea, and tows^s the south at 19 miles, from the 
qrigin; the total area included is 3,390 square miles. The outer area contains 
j^ooo square miles. The width ox the silent zone varies from 28 miles at the 
western end to 48 miles at the eastern. The distance of the outer margin of 
^ zone Irom the origin ranges from 65 to 95 miles. 

In the inner sound-area, at Tumhim Green (13} miles), a lady, who was 
qutKif-doors, held a powder-box open in her hand. Though the air was s^, 

^ These places are given as Wyland Abbey and Ripleth in Tka Timss 

ieoQunt, 
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mUttle |mS of powder rose from tha box; almost immediately afttowaidi tito 
report was heard. BHods and cartaizia were driven inwards, several hudiee as 
a rule, at New Southgate (7 miles), Enheld (ix) miles), Wimbledon (ti milesh 
North Cheam (14 miles), T^ckenham (X7I miles), and Sunninghill (ail miles). 
Observers in the open air noticed the swishing of tree-tops at Wiimior (at 
miles) and Ascot (31 1 miles), both places being near the boundary of the inM 



sound-area. That the tops of the trees were affected may be due to the 
upward tilting of the air-waves as they prepared for their journey over 
silent zone. Windows suddenly rattled with some violence, and then, after 
a fjsw seconds, returned to rest. The window-rattling occurred after the 
arrival of the sound-waves in London, at Barnes (la miles) and East Ac^ 
(13 miles), and before their arrival at Luton (3a J miles). D^rs were shahsn 
before the sound was heard at Harpenden (a8 miles). At Upper Norwood 
(ii J miles), a window was blown outwards before the roar of the 
came. Pheasants were disturbed immediately after the sound was haaxd fit 
liountnessing, near Brentwood (18 miles), Stevenage {30 miles), and Bradeifc* 
ham, near High Wycombe (37I miles); and before at Woodh^ Park, hfi* 
Hertford (24 miles), ^ 

In the outer soimd-area, windows were shaken before the sound^wavsi 
amved at Great Ponton (99I miles) and Hatton Hcdgate iti$ mllef). 
Pheasants m said to have been disturbed before the reports were hettfd M 
nineteen places, and after at two. Both of these plaM. hoiwver, ate 
close to others at which pheasant-crowing preyed the reports. 
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Some of flie teit toterastiiig observations of the inaudible eir-vraves 
are those vrhich were made between.and beyond the two sound-aieas. In ^ 
dlent sone, windows were shaken at about the time when the souxid ntis^ 
have been heard at eight places, four of which are in the narrow and Icdty 
district at the western end of the zone; while pheasants screeched at eight 
places, five of which are at the western end. Such observations were, hlom^ 
ever, much less frequent in the silent zone than in the two sound-areas. Be- 
wad the inner sound-area, pheasants showed the usual signs of alarm at 
Swyncombe, near Henley-on-Thames (45 miles), Bradfield (51 miles), and 
West Woodhay, near Newbury (63 miles); possibly also at Nursling, near 
Southampton (77 miles), and Alderbury, near Salisbury (84 miles). Beyond 
the northern boundary of the outer sound-area, they are said to have screamed 
near Beverley (165 miles), Idalton (180 miles), and Thirsk (200 miles).^ 

Krakatoa Explosion : August 27. 1883.—The most remarkable record of 
inaudible air-waves is that of the great explosion of Krakatoa. At some 
stations the barogroms showed traces of seven passages, the first, third, fifth, 
and seventh being along the minor arc and afterwards round the world; 
the second, fourth, and sixth along the major arc, through the antipodes of 
Krakatoa, and afterwards roimd the world. The air-waves were thus 
traceable after more than three complete traverses of the earth. The mean 
velocities along the minor arc and its continuation was respectively 1,037, 
x,oo2, 999, and 9^ ft. per second; those along the major arc and its continua¬ 
tion were respectively 1,061,1,049, and 1,041 ft. per second. Since ato® F. the 
velocity of sound is 1,055 ft. per second, at 50® F. 1,145 ft. per second, and at 
80® F. 1,177 ft. per second, it follows that ttio velocity of the air-wave in either 
direction was slightly less than that of sound at ordinary temperatures. As 
Lieutenant-General Strachey remarks, ** its mode of propagation by an aerial 
osculation, of comparatively short duration, was also closely analogous to that 
of sound.'* • 


Conclusions 

(i) In every case, the inaudible air-waves are manifest at much greater 
distances than the sound-waves are heard—^the distances being 107 and 136 
mites for the Cherbourg review, 128 and possibly 200 mites for the East London 
explosion, and 208 and 320 miles for the Dogger Bank action. The figures for 
the Krakatoa eruption—2,968 and nearly 85,000 miles—are not comparalUe 
with the above, owing to the convergence of tbe inaudil^ waves towards the 
imtipodes. 

(ii) At ordinary temperatures, the actual velocity of sound is somewhat 
greater than that of .the inaudible waves. 

{iii) When a silent zone is manifested, the inaudible waves cross the zone 
at a less elevation than the sound-waves, though near enough to the ground to 
jproduce occasional disturbance of windows and pheasants. They idtixnately 
cease to be perceptible owing mainly to loss of strength. The boundaries of 
jihe sound-areas, on the other hand, are determined rather by the paths of the 
fOund-rays than b^ the weakenhig intensity of their vibrations. White both 
epund-waves and inaudible air-waves are travelling near the ground within 

inner sound-area, the sound-waves slightly outrun the inaudibte waves^ 
hisi,% even before they reach its boundary, mo sound-waves begin to fall behind, 
ap .fhey rise into higher and colder air. In the outer sound-area, it is probable 
mt me sound of the explosion is always heard after the disturbance of 
imidowe, etc., but the interval between the two phenomena is so brief as to 
that the sound-waves, white following their aomevriiat loftier course 
tiite silent zone, do not attain to any consideialde hright. 

Jtoy^ See. Pfoe., vol. xxxviU, 19x8, pp. xis-ag. 

• Efn^ion of Kmkatoa and SuhssgmuU Phenomena, edited by G. J. 

pp. 53^78. 
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KZra AB M» 0 &T. By the Rev. A. A. Luce. M.C.* D.D., F.T.CD.. 
being a review of : La Hemorla Blologioa. By Euasmo Rxonano. t?P* 
249.] (Bologna: Kicola Zanichelli. Price L. 17.50.) 

This is an ambitious book. It surveys most subluns^ matters and some 
others. It strides from chromosomes to the Categorical Imperative, from 
nuclear division to the problem of immortality, from blastomeres to EinsteinNi 
theory of relativity. For its general design we have nothing but prate* 
There is room for more books of this type. It is the work of a 83nathctic mind* 
Rignano combines the philosopher's breadth of vision with the experts 
mcntalist's attention to detail. He might not take it as a compliment, but 
we must say it—^he is a metaphysician in spite of himself. In this book 
he advances a metaphysic of life. He discusses many subjects, but he has 
only one theme. He believes that all the essential elements of human exMri* 
ence are explained by conceiving life as memory—a conception for which he 
claims experimental evidence, but which is, and must remain, at bottom, 
metaphysical. 

The book is primarily for biologists. It is likely to make a wider appeal. 
Psychologists, particularly those of the behavioristic school, will find in it much 
to their purpose ; while those metaphysicians who, thanks to the influence of 
Wundt, Driesch, and Bergson, incJude in their studies the theory of the 
organism, will react to the challenge of Rignano's hypothesis. The conception of 
life as memory is not new. It was introduced to the notice of the biological 
world by Hering and Semon, to whom Rignano acknowledges his indebtedness. 
Bergson has familiarised philosophers with the notion. Still, Rignano is tO 
some extent a pioneer. He has made an heroic attempt to reconcile coii-» 
servative biologists to Semon's thesis by giving it the appearance of an 
experimental basis, and by eliminating its animistic and psychic aspects. In 
this attempt he is not likely to succeed; for mindless memory is not an 
attractive concept, and, it would seem, la memoria biologica is simply memoiy 
with the remembering left out. 

Even if it fails in its main purpose, Rignano's study is useful and 
stmulating. Its message is—** Leave the shoals and shallows and return to 
the mam stream; biology must not be diverted from the discussion o£ 
principles by the attractions of departmental studies.^* The inteieit 
of tiw theme is somewhat impaired by faulty expression. Rignano has tlie 
requisite knowledge and penetration ; but his m^e of expression only suits 
a research record, and is quite unequal to a work of this scope. Repetition is 
ms worst vice. He credits with memory aU living things except h£i seadte. 
For thmr benefit he repeats and recapitulates ad nauseam. Apparently te is 
^ literary style shall exemplify one of the main biogemstio 
For the ontogeny of his paragraphs is very often a rdiuite of ths 
phytogeny of his chapters. 

Prefacing his work with a powerful |flea for collaboration between theorist 
a^ exTOrimentalist. Rignano proceeds to give a lucid sketch of the evoiutton 
of evolutionary theory. He mdicates his own position in the SMUsnes df 
biological theorists, a,^make, it clear that theptihto of ac^adS^ 
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to tine itartijig^point of hto own invMtigntioiis. The traasmtotibiUty of i_ 

moqilitoed cnxMters Beemi at tot sight the vexy datum of progress. How 
omrwtoe does evolution advance ? How owrwise do spades arise ? 
How otherwise in the process of nudear division does difEerentiation of 
structure arise ? How otherwise can there be any truth in the axiom of 
transformism that heterogeneity conies out of homogeneity ? Yet in spite 
of the prima facie evidence for the transmissibility^ the opinion of biolof^ts 
has been and is divided on the question* Lamarck taught it explidtly* 
Darwin, while not den3dng it, obscured it by laying almost exclusive stress 
upon the selective factor. Gallon shook Darwin's position by focusing 
attention upon '' particulate inheritance,*' and by experimental disproof of 
Darwin's ttieory of the circulation of gemmules. Thus he prepared the way 
for Weismann's theory of the continuity of the germ plasm, t.e. of the insula- 
tion of tlie germ from the soma, with its corollary of the absolute non-trans* 
miflsibility of acquired characters. The neo-Darwinians and Weismannians 
seemed to have won the day. But further experiments, particularly those 
of Mendel, broke Weismann's spell and proved that natural selection cannot 
support the weight of the transformist theory. The continuity of the germ 
plasm is beginning to seem an unnecessary and unnatural supposition, and 
me abandonment of Lamarck's theory of the transmissibility of acquired 
characters is, in Rignano's opinion, a collective scientific aberration. 

Those biologists who agree with Rignano on this point are at once con» 
fronted with a grave problem. What is the mechanism of the transmission 
of acquired characters ? How can we conceive the functioning of germinal 
elements, at once isolated from the somatic and yet determinant of the 
somatic, relatively independent of the environment to preserve the t^ree, yet 
sensitive to the action of the environment to acquire the differentia f 'The 
first part of Rignano's book is an attempt to answer this group of questions. 
Ho presents an elaborate theory of the process of organic development which 
he styles the theory of centro-epigenesis. He claims that it answers the chief 
difficulties attending the doctrine of the transmissibility of acquired characters* 
and that it leads on to the view of memory as the fundamental property of life* 
As the doctrine of centro-epigenesis is Rignano's most tangiUe contribution 
to biological theory, we must discuss it at some length. 

Cbntro-bpiqbnbsxs 

The student of organic development is confronted, says Rignano, by three 
dilemmas, and the oidy way of escape between the horns of ttoe dilemmas is 
that provided by the theory of centro-epigenesis. 

The tot dilemma is " prefozmism or epigenesis." According to preformism, 
nutrition is only an accessory factor in development. Ttok^reticaUy, any 
portion of the embryo, detached from the organism, is able to continue its 
development. 'The facts which disprove preformism are those of regeneration, 
tf the specific determinant of the leg, for instance, is present as such in the 
earliest embryonic stage, whence is drawn the material for the regenerate 
member ? On the otl^r hand, development solely by way of exfi^nesis to 
^eQuany inadmissible. The experiments of Roux and Bom in isolatmg portions 
of the embryo show conclusivdy that those portions contain within themselves 
All the elements necessary to determine their own development. Rignano's 
sdution of this dilemma introduces the first element of th^ centro-epigenetic 
tteory. All the apparently contradictor facts are reconciled, he says, 

supposing that the plasmic action which determines growth starts from 
A defintoe pto of the organism, which he names the central sons of deyelop- 
sneat. If any portion of this xone to contained in the emlnTonlc fragment, 
M renders that fragment capable of developing on its own account. He 
tAfgeito that in the vertebrates this central tone may be composed of part 
b< tbs spinal medulla. 
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The second dilemma concerns the coastitiition of the gems plamu fe 
it composed of pcefonnistic germs or of non-representative subittobes ? The 
common fact of** particulate inheritance " seems to decide definitely in favcmir 
of pteformistic germs. The ordinary phenomena of heredity, as well es the 
more striking phenomena of atavism and hybridisation, show that the smaHest 
and most trivial characters can pass independently down the generations. 
It seems axiomatic that infinitesimal determinants of the severiu characters 
are present in the germ plasm. But, on the other hand, the theory of non¬ 
representative substances seems equally cogent. For the prefom^tic germs, 
if they exist, must be connected in the germ plasm according to a rigid system. 
Yet any such rigid structure of germs is ruled out by the facts of atavism. 
The occasional occurrence of the asebra-striping in horses, for instance, cannot 
be due to the random presence in the germ plasm of germs capable of producing 
black and white cells. It is inconceivable that the germ plasm could, though 
all its phases of increased size, multiplication, division, etc., preserve intsict 
its supposed rigid structure. v 

As a solution of the second dilemma Rignano propounds t& hypothesis 
that the germ plasm is constituted of elementary accumulators of vital energy. 
These accumulators are no doubt analogous to electrical accumulators. There 
is this essential difference. The discharge of electrical energy is general. 
The discharge of nervous or vital energy is specific. Consequently the 
activation of the fertilised ovum and of the other nuclei which go to form the 
central zone of development wiU take place by successive discharges of 
nervous energy in a given order from the first segmentation of the ovum 
to the adult state. Thus these accumulators, by being determinants, ace 
sufficiently like preformistic germs to explain ** particulate inheritance/* and 
by allowing progressive transition from stage to stage of the ontogeny, 
tl^y escape the objection to which preformistic germs are liable on the ground 
of rigid structure. 

The third dilemma concerns the nature of cell division. When nuclear 
division takes place, arc the daughter nuclei qualitatively identical with tto 
parent nucleus, or does the specification of somatic function occur at this 
stage ? Rignano maintains that experimental evidence supports both nuclear 
somatisation and the qualitative equality of nuclear division, and that again 
recourse must be had to an intermediate hypothesis. 

Rignano is too brief here, and the lines of his hypothesis are not drawn 
with precision. The essence of it seems to be to admit the qualitative 
equality of nuclear division in the earliest stages of the ontogeny, but to deny 
it in the later stages. The nucleus of the fertilised ovum divides to form 
two nuclei, identical in quahty with itself, contaming all the germinal 
elements. Afterwards, as the development proceeds, somatic elements are 
added to the germinal element. The somatic elements are influenced by their 
relations to the other nuclei, and consequently acquire specific functiott. 
The somatic elements, which retain, like the germinal, tne character of 
accumulators previously described, tend everywhere, except in the oeatnd 
zone of development, to substitute themselves for the germinals. In the 
lower animal organisms and in many vegetables the process of suhstitiitte 
would never be complete; so that bceide the somatic elements in fuB 
funcrional activity, the germinals would continue to exist in an inaistlve 
condition. But this inhibition of their action is not permanent, and when 
the functional activity of the soxnatics is arrested by any cause, tto gedn^Mili 
would again enter into action. 

We thus see that the three momenta of the theory of centro-e|fifenesie atg t 

(x) That plasmic action radiates from a specml tone of the organiiA 
called ** the central zone of development.*’ 

(a) That the germ plaam or nudeus of the fertilised ovum is composed 
of elementary accumulators of vital energy* 
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UmA th0 genoiiial eknnanti tnuimit tbeixiidlvet int^indly fxom 
mmm ^ Audeu*; but that a tniQ and proper nuclear ftomatisatlofi takea 
|te<a eafaeaqnently* For somatic elements, like the germinala in being 
aneninulatoxs, imlilm them in betog determined ab exlra, attach themaelvea 
te tihe germinals and tend to diapla^ them everywhere except in the central 
acme. 

The three parts of the h^othesis are welded together by the suppositim 
of a continuous circulation tmoughout the organism of vital or nervous energy 
along the protojidasmic filaments connecting the cells—a supposition whicb^ 
in iSignano's opinion^ has been verified by Pfeder's experiments upon the 
trophic action of the nervous current. 

The crux of the hypothesis is the formation of the central zone. Why 
should some nuclei take the lead, elevate themselves into a controlling 
position, and depreciate the remainder into a subordinate, differentiated, and 
somatic condition ? On this point we fiind R^gnano unsatisfactory. He 
speaks of some nuclei ** fortuitously possessing better nutrition.'' It is 
certainly a weakness in the h3rpothesis that it has to invoke chance in such an 
essential matter. Further, the critic must ask: " Does the central-zone theory 
really explain what it sets out to explain ? Does it not simply sweep the 
dust into the comer and declare the room clean ? Does it do more than shift 


the venue of the problem from the organism as a whole to a h3rpothetica] 
portion of it ? " For instance let us consider tl^ two definite merits claimed 
Dy Rignano for his theory. First that it renders intelligible the mechanism 
of the transmission of acquired characters. Owing to the nervous circulation, 
he says, new specific elements may deposit themselves in the nuclei, and those 
that reach the nuclei of the central zone mil be preserved and will reappear 
in successive generations as acquired characters. Is this more than to say 
that the organism transmits acquired characters, because the central zone 
does so ? Again, we are told that the theory explains the remarkable fact 
of the reappearance of the past history of the species in the development 
of the individual. For the ontogeny is the register of the process of the 
successive disturbances of the d3mamic equilibrium, due to the activation of 
the germinal elements accumulated in ^ central zone. This seems like 
saying that the ontogeny of the organism recapitulates its phylogeny 
because the ontogeny of the central zone does so. Rignano himself says 
that the future of hia theory of centro-epigenesis depends upon the results 
cd a further study of the mysterious process of synapsis. 

The reader of Rignano's book, alter wrestling with this elaborate theory 
which occupies the first half, naturally asks, " What has this tbeo;^ to do with 
tbs professed subject of the book, namely the mnemonic basis of life ? " 
Here we touch the radical defect of the whole argument. The connection 
bet w ee n centro^pigenesis and memory is of the flimsiest* Centro-epigenesis 
may be true. It may be true that memory is at the base of liJfo. But the 
or falsity of the one theory has, we believe, no necessary connection 
with the truth or falsity of the other* ] 4 [ateriali 8 t and mnemonist, each is at 
liberty to accept or reject centro-epigenesis. Apparently our author has not 
iSMids the connection between the two parts of tiie theory in his own mind. 
The xeasott is obvious. He hesitates between two interpretatioiis of the word 
memory." He is trying to ride two horses at the same time. Ueaoory is 
dliys^ when he is explaining growth^ psychic when he is explaining thought. 
Bttt we must hear Riguano himaelf. He claims that centro-epigenesis u a 
awiemoitic theory because to regard the nuclei as accumulators is to regard 
them as memoris^. They take in new elements, they learn new habits. 
They dischargei, i.s. thi;y recali. He points out, with a great deal of truth, 
that eelhdar spedalisatiant the habit-response to novel stmiuli, reproduction, 
recapitulation of the phylogeny in the ont^ny, the 
tWliiieimlbility of acMiulied characters, am phe n o mena closely analogous to 
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oiil^ Batftgy has no tendencios. Yet lor RIgnano the behaviour ol 
bmaiams and the discharge of enerf^ are both alike '' tendencies/^ For 
initaiioe* he lays down that hunger is the tendency to restore the normal 
nutritive environment. He means more than that the satisfaction ol 
hunger does restore the nutritive equilibrium. How much more ? Is he 
piepared to attribute the psychic j^perty of appetition, t.s. action to realise 
an end» to the organism as a whme and in a lesser degree to its parts ? U 
wOt he has left his theory of energy-accmnulators far behind. 

When he deals with the quesnon of the vera causa of organic change, he 
departs still farther from the mnemonic basis of life and empties the word 
** tendency " of all meaning. He does so mainly by the surreptitious Intro¬ 
duction of equivocal concepts, such as force and gravitate." life, he 
says, gravitates towards an end. He regards the efficient cause as a vis a 
tcrgo, namely accumulated potential energy; the final cause as a vis e fronts, 
namely the suggestion of the memory cue. Now if a psychic or semi-psychic 
nature be attributed to the organism, there is at least sense in speaking 
ol the final cause as a vis a fronts. It is as intelligible that the end " vision " 
should induce the organism to develop the mechanism ol vision, as that 
ambition should induce a young man to carve out a career. But explain 
life on the basis of ph3rsics or energetics, and there is no longer any meaning 
in the term vis a fronts. Regarded as a force that pulls or as a point of 
attraction, it is purely an imaginary concept. It is nothing because it does 
nothing. Rignano wants to Imve it both ways. He tries to keep finalism 
and be^sh animism. He fails to see that fin^ causes and anticipated ends 
must accompany animism into banishment. Experimental biology has 
pronotmced ^ sentence of exile, and she will and must stand over it. 

Rignano's bio-psychology, which rounds ofi his theory of life, is a tout 
ds fores. It is interesting as an indication of what may yet be accomplished 
In this new field ; but as the former part of the book has failed to make the 
tiansition from the mechanism of the emotions to the emotions themselves, 
psycholog^ts will hardly find the latter p^ convincing. Rignano's funda¬ 
mental principle is that thought and will in all their modes derive from the 
emotions, or " affective tendencies " as he persistently calls them. With 
cemideraUe ingenuity he detects and exhibits the feehng element ^sent in 
idl the higher forms of thought, in reasoning, in logic, in " the nebmosities ol 
metaphysics," and in the " mathematical mysticism " of the relativists. He 
dismisses the problems of ethics in a few sentences, and holds out the hoM 
thht if we are good altruists we shall survive death in the form of specific 


nervous energy. 

The concej^on of life as a form ol memory is of first importance to the 
ffiiSlosopher; we doubt its utility i(x the bicuogist. For those who would, 
use Somonis thesis profitably, the time order must take precedence over the 
imice order. Time and memory are intertwined. The philosopher is at 
nmty to attempt to think in terms of time. The biologist is bound by 
charter to ^dnk in terms of space. The philosopher may indite his fancy lor 
•peculation. The biologist is confined to a definite practical programme, 
iibi task is not to penetrate the secxetol existence, but to extend human power 
over the organic world. He does so by exploring and explaining in terms 
oltnattertn^ parts of the field ol life which are amenable to the experimental 

E oedure. In the process no doubt he becomes conscious ol the limits 61 
science; but there he only shares the experience ol his fellow-workers in 
ne4dd»Quri^ fields. 
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MASUfATXOS 

fflrtonr ol flie fbeory ol Hnmben. Vol. III. Quadratic and 

Forms. By L. E. Dickson, wth a Chapter on tlie Class Numbns 
by G. H. Crbssb. [Pp. v + 313.] (Washington: Carnegie InstHuto, 

1923-) 

Thu volume deals with many of the most important and the most difficult 
parts of the theory of numbers and is indisputable for those Interested in 
this subject. It is not concerned so much with the consideration of single 
or isolated questions as of general theories. The necessity for these is 
frequently overlooked by a number of those interested in questions naturally 
suggesting themselves and apparently remote from any general theory. 
Thus the ideas utilised in the solutions in integers for s, y of 

es* + aAsy + -• m 

where a, b, m are given, and the discussion both arithmetically and 
analytically of the processes and the functions involved, require for their 
systematic study some of the most important and general developments of 
the mathematics of the last sixty years. Even at the present day, the jpossl* 
bilities of such simple equation have not been exhausted and emj^nsiae 
the necessity of continued study if research is to be successful or knowledge 
is to be uj^to-date. 

There is the obvious extension to quadratic forms of more than two 
variables requiring as detailed and delicate an investigation as is to be found 
in mathematical history. Then there are the forms of degrees higher tibm 
the second with two ex more variables, to bilinear forms, to complex vatiahles 
and coefficients, etc. 

The fact that a cmisiderable part of the theory and of the results have 
not yet found their way into the standard treatise adds greatly to the valun 
of tlm volume and Our udebtedness to lYofs. Dickson and Cresse. 

L. J. Morimbu.. 

A baatiM on tiis Ihsory of BsassI fiuuiioai. By G. N. Watson, Se.I>;, 
F.R.S. [Pp. vi4-8o4.] (Cambridge: at the University Prt si ^ 
X922. Price 705. net.) 

Pnov. Watson has produced a monumental treatise which is not likrig to 
be superseded for years to come. It is large, expensive, and fnU of snod 
stuff. It is very unlikely that any known form^ relating to Bessel funowHai 
is not i^ven somewhere in the book, but it is perhiqpa doubtful whielher tns 
mathe m atical physicist who hM newl of It will be able to find it ki finitw 
time. His attempt, however, will be profitable and instructive; bis s#s 
will be caught by some interesting theorem wherever he may ha|i|NHi io 
open the book, and he will read on, fascinated, forgetting perhaps his oc^|tiu4 
quest, until either the subtlety of the l(Hdc or the complictkion m the formte 
h soomes too much for him. And he will not only get infermati^ about 
Be sse l functions, he will also find brief aocounta cn various braadhes dt 
tiwory which are not given in the ordinary textbooks, but vddeh aiu nsc oi ttt y;.' 
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ThuSidttpp. xxx--2otb«reifaiiiiit:«rait^ 

M timiVille^s theory of the *' elementary transcendental functions/" udihout 
wMsih it seems to be impossible to jnove the Impossibility of solvisig Riocati"s 
mpiation"" in finite terms"" except in the classical cases discovered by Daniel 
wmoulli: on pp, 229-35 there are accounts of the principle of stationary 
phase and the method of steepest descents; on p. 517 tfcudre is a note on 
Sturm’s methods for investigating the osdllations of solutions of linear 
second order differential equations. The *' general reader ” also will find 
matter of interest. 

He will learn (p. 77) how the relative positions d Pure and Applied 
Mathematics on the Continent as compared with this country are remarkably 
illustrated by the attitudes adopted towards the Beml functions of 
imaginary argument how Mittag-I^ffler has laid down the principle that 
it is, in general, undesirable to associate functicms with the names of particular 
mathexnaticians *' (p. 83): how the discovery by Stokes of the plmomenon 
of the discontinuity of the constants in asymptotic expansions of certain 
integral functions ” was apparently one of those which are made at three 
o'clock in the morning " (p. 202). He may sympathise with Lord Kelvin's 
statement: ” I have no satisfaction in formulas uidess 1 feel their arithmetical 
magnitude ” (p. 654); he will be amused at the sentence: " Researches 
based on the theory of integral equations are liable to give rise to uneasv 
feelings of suspicion in the mind of the ultra*orthodox mathematician 
(p. 578); and he will be interested to find that the theory of Bessel functions, 
Uke most branches of modem analysis, has its unproved hypothesis— 
Bourget’s conjecture that when n is a positive integer, the functions Jn (s), 
(s) have no common seros, other th^ the origin, for all positive integriU 
values of m —and to read Prof. Watson's note: " I consider that the theorem 


it probably true; it is an abstruse theorem, and 1 have not succeeded in 
proving it.” 

A comparison with the new edition of Gray and Bilathews is inevitable. 
The difference is obvious: Gray and Mathews give xzo pages of theory 
and 130 pages of applications; Watson gives about 650 pages of theory 
and the only applications of which there is more than a bare mention are 
contained in the historical introduction (Chapter I) and, somewhat nnex- 
pectedly, on p. 551, where the true, mean, and eccentric anomalies are defined. 

The most striking superiority of Watson's book, apart from its greater 
detail and from the tables, is in his treatment id the complex theoxy, 
aa3rmptotic expansions and functions of large order (Chapters Vl-VIII). 
This, of course, was only to be expected by reason of the author's well-known 
viUuable contributions to this pi^ of the subject. A fftyod part of Chapter 
VlU appears to be quite new; in particular, the asymptotic expansions of 
Bessel functions of lar^ complex order are treated wmi more care and in 
jnatfs detail than in Depye's memoir. 

The tables, of which there are 87 pages, form a most valnable part of 
the book. A very great improvement in the usefulness of the tables tA the 
iBaisel functions of both kinds of order o and i is effected by means of auxiliary 
itsMei of the modulus and phase of the Hankel-Nielsen function (a). 

these tables the first differences are sufficiently steady to enaUe intex^la- 
tijpQi to be effected with but little trouble. It is interesting to note (p« 662, 
liebt) that the idea of constructing the auxiliary tables grew out of a conver- 
rnmtm with Prof. Love, who remarked that it was fr^uentiy not realised 
dosely Bessel functions of any given order resemble circular functions 
by a damping factor in which the rate of decay is dow. Other 
in the tables are the inclusion of Struve’s function in table I, pert 
ci Shblei IMV, and Table VIIL whkb gives the valuee of the indefinite 
of functions of order saro, together with their maxinm and xnininMu 
hote (p4 659) on tables of functions of order ± i it might, per- 
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liaps» have been pointed out that ZMnnik** tables contain several a di pr li tt s 
(see Proc, Hoy, Soc., A ioo» 1922, 522). 

One may, perhaps, be allowed to eanress a regret that Brof. Watson 
has not made a thorough examination of the symbolic methods of Heaviside* 
instead of contenting himself with the remark: It is difficult to de c ide 
how valuable such researches are to be considered when modem standards 
of rigour are adopted.** 

F. P, W. 

La Oomposltion de Xathdmatiauss dans Pexamen d’admMon 4 Pddole 
polyteohniqne de 1901 4 199L Par F. Michbl et M. Pothok. 
[Pp. xii + 452.1 (Fads: Gauthier^Villars et Cie, 1922.) 

The interest of this book for anyone outside France will be very slight indeed. 
It may possibly be of use to the examiner looking for questions, but he, 
presumably, ^11 not require the very elaborate and detailed solutions which 
are here provided, nor will he need the second part, in which the questions 
are most curiously dissected, their component parts being then clasuded 
numbered according to a complicated scheme. The questions are quite 
difficult, and are somewhat of the type whidi has sometimes crept into the 
Essay Paper of Part 11 of the Mathematical Tripos, the steps of k longish 
argument being indicated and the candidate being required to supply the 
proofs. There is a curious rigidity about them, too; the notation is carefully 
laid down and ** les candidats conserveront toutes les notations indiqufes.*^ 

P. F. W. 

Oiloulus and Probability for Aotuarial Students, By Alfred Henry, F.I. A. 
[Pp. iv 4* 152.] (London: Published by the authority and on 
behalf of the Institute of Actuaries, 1922.) 

This book is the official textbook of the Institute of Actuaries, and as such 
has been written with the special requirements of the actuary in view. It 
logins with Finite Difierences and gives numerous formulae for interpola* 
tion by means of advancing, central, and divided difEercaccs, It thm goes 
on to diff^ential and integral calculus, developing the elementary rules 
manipulation, naturally without any attempt at a proof. It is cloarly 
written and excellently printed, and will no doubt prove useful for the class 
of students for whom it is intended. 

F. P. W, 


Dimen^al Andyaii. By P, W. Bridgman. [Pp. iii + iia.] (New 
Haven: Yale University Press, 1922, Price 25s. net.) 

ApmcATioNS of the principle of similitude or, as Prof. Bridgman 
dimcMional analysis " axe common enough in mathematical physka, but 
Me liabte to leave one with a feeling of dissatisfaction. How are we to 
cho^ the list of physical quantities between which we are to search for a 
rei^cm i When is it necessary to introduce " consianta,** 

w?.,* uf the constant of gravitation or the velocity of li^ ? 

quantity should be chosen as the fundamentals u tsrma ol 
^ particular, how many kinds of fuadk- 

ouesttin^M St i ti* •“Mferting anawera to endi 

^^snou as these that Prof. Bndgman delivered a course of leotwea at 
Harvard in 1920, out of which this book has grown. He begins with a 

«»aly»i»g a tew typical problem^Md then 
auWeot. He de^ a " oonqilete ” 
«rtain measured quantities and certain 
** * •?“** a form that it remains true without waar 

cbRUgc in the form of the function when the eiie of the 
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cbaMed in any way, and introducea tha U T 1 iaoram» ftrat eroUottly atatad 
fey S, Baddngham in 19x4* but used before by Jeans (1905). Ji n qoaatitiea 
a# A y < 4 « are connected by ons complete relation, and there are m ftmda* 
mental units, then the relation most m of the form F(n|,n», ...)•» o, where 
the n's are the a — m independent products of the arguments a, B, y which 
are dimensionless in the fundamental units. The author insists that to 
apply the method we must know enough about the situation to know what 
toe elements are which would be introduced in writing down the equations 
whidi determine the motion (in a general sense) of the system. ** Dimen<» 
sional analysis/' he says (p. 52), " is essentially of the nature of an analysis 
of an analysis." Chaffers of illustrative examples and applications to model 
experiments follow, and he concludes with a coliection of thirty-two moblems. 

The book is, perhaps, rather long-winded, but it is very readable; one 
may not agree with all the author's contentions, but one will almost certainly 
agree with the remark (p. 5) that " the untutored savage in the bushes would 
probably not be able to apply the methods of dimensional analysis . . . and 
obtain results which would satisfy us." 

F. P. W. 

OdooMrie Desorb^tive. Far Gaspard Monob. Les maltres de la pensfe 
sdentidque. Collection de m^moires et ouvrages. Publide par les 
soins de Maurics Solovinx. Two volumes. [Pp. xvi + 144, 158.] 
(Paris: Gauthier-Villars et Cie, 1922. Price 6 frs.) 

Wb welcome this addition to the excellent series of reprints in course of 
publication by Gauthier-Villars under the editorship of M. Solovine. 

Monge is undoubtedly to be regarded as the founder of the science of 
descriptive geometry, and not only so—^to him is due in great measure the 
revival of interest in pure geometry, both through his published works and 
through his activities as teacher at the ]^cole Pol3rtechnique. His DescripHvs 
Giomairy, of which he conceived the ideas as early as 1775, was elaborated 
in lectures in 1794, but on account of its applications to military topography 
its publication was forbidden until 1798. The work is preceded by a " pro¬ 
gramme " in which, after declaring his aim—" tirer la nation fran^aise de 
m dipendance oil elle a 6t6 jusqu'k pr68ent de I'industrie ^angdre "—^he 
enunciates the two objects of the art: (i) representation of three-dimensional 
figures upon a plane, and (2) deduction of the properties of a figure from its 
representation. The method is that of double orthogonal f^ojection, upon 
two planes at right angles which are then made to coincide by rotafion 
about their line intersection. The two projections of any ^int thus 
always lie upon a straight line perpendicular to this line of intersection, and 
Monge gives an easy method, still used to-day, for finding the distance 
between two points whose projections are given. The representation of a 
curve follows at once, but for a surface it is necessary to have recourse to 
its generation by the motion of a curve. It is most convenient to represent 
the surl^u:e by means of two systems of curves lying upon it, so chosen that 
through any point of the surface there passes one curve of each. The 
representation of planes, cones, cylinders, and surfaces of revolution affords 
interesting examples. The first section then closes with the solution of 
examples, ooncemed with planes and straight lines, which in dmplidty 
leave notmng to be desired. The second section deals with tangent planes 
and normals to surfaces. The tangent plane at a point of a svoMoa is 
determined by the tangents at that point to the two generating curves; 
Monge dees not prove, or mention the necessity of provkvg, that the plane 
Is independent oi the choice of these curves. Aitix constructing tangsnt 
to varioos surfaces, he detenniaes the shortest distance between two 
Skew by means of the tangent planes of a circular cylinder; he leaves 
mqre elementary construraon as an exercise to the reader. There 
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f<!dkiiir constTiiisticms lor tngftot pUoM satisfyiiig otbor ooiidttio«% mdi 
paosing through a given line* or touching more than one aurlaoe; OMie 
of spheres leads Monge to two digressions^ cm polar properties witb segaid 
to drcles, conics* and quadrics* and on centres of similitude of circles sad 
spheres. He then (Section IV) treats of the intexsections of curved surfaces* 
prefixing some remarks on t^ correspcmdence between the operations of 
algebra and those of descriptive geometry. His method for finding ^ 
curve of intersection of two suriaoes F* is to cut them by a series at aumliary 

surfaces F, usually planes or spheres* and determine the intersections of the 
curves FF^ and FF^. This* with Monge's examples* is reproduced wlthcmt 
essential change in all sub^quent textbooks on the subject. The section 
ends with an account of Roberval's method for drawing tangents to a curve* 
and an attempt to extend this to space curves; unfortunately the curve 
which he gives as an example (p. 140) is not a space curve* The fourth 
section (t. ii) gives a variety of applications ^th of theoretical and 
practical interest; the first referring to the determination of the centres of 
the in- and circum-scribed spheres of a tetrahedron, and the others to supple* 
menting maps by means of angle observations. Here the descripfive 
geometry* strictly so-called* ends* but there is a further section dealing 
with the properties of developable surfaces* with the curvature of surfaces 
and with Unes of curvature* matters which form the basis of his Applications 
de Vanalyse d la Giomitrie, In his lectures Monge also dealt with tito applica* 
tions of descriptive geometry to the theory of shadows and to perspeemve; 
after his death his notes thereon were edited by his pupil* B. Brisson* and 
published at the end of the fourth edition of the Gdomitrie; they are repro* 
duced in this reprint. 

R P* W* 


Ckmrs Oonudet de Hathdmatiqtiei Spfidalei. Par L Haag. Tome III. 
Xteanique. [Pp. viii + xpx.} (Paris: Gauthier-Villars et Cie* tgti. 
Price 12 frs.) 

In a series of works Prof. Haag intends to set forth the main facts and 
theories of mathematics and mechanics as required by technical and other 
students. Volumes I and II have already appeared* dealing- with Analysis 
and with Geometry: the present volume dex^ with Statics and Dynamics. 
Volume IV* it is mentioned, will contain Descriptive Geometry and Trigo* 
nometry. 

Less than two hundred pages are devoted to the principles of mechanics. 
It is* therefore* not to be expected that the author would go into any kind 
of detail as regards applications of these prindples. He does* it is true* 
give some applications* as* for instance* to simple harmonic motion* central 
orbits under the inverse square law* some of the easier types of problems in 
statics* notably the simple machines. But on the whole spirit ol the 
book is essentially theoretical. 

A brief study of kineinatics of points and rigid bodies* based largely m 
the vectorial method already developed in a former volume* is follow^ 
statement of the fundamental principles of dynamics with application to 
the motion of a particle. General theorexns applicable to dynamical systemg 
studied, and the question of units and dimensions is discussed* 
A brief account of statical principles foQows-^otably virtual work— 
some easy examples* 

The book is in no sense a textbook—one cannot conceive a thxdent 
learning his mechanics from it. It is another example of the type of hooto 
ttot Frei^ delight to produce* axid which are a deQidi* to 

w to read. The student of mechanics who takes the txouble to a^dy WfiA 
Haag^s treatment of the subject will not thereby be helped to use the ptw* 
dples of the subject more subtly or with greater ease* but ImwtU be aoooot^ied 
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iiHlth inm eettidttty owiiig to tl» 
fiWitited to him, 

Mthor emphiaim the eiq)eiim6&tal basis ol the pniKiplat of 
•Jid declinee to be inv^^ved in any philosophic discussion ot their orifia or 
wlidity. He bases hhosell to a considerable extent on the teaching of 
Psainl^6, using the notions of relative and absolute forces due to him. One 
^ leels grateful to the author for not omitting to mention that the fnnda^ 

' mental equation in central orbits is due to Binet» and not neglecti^ to give 
a brief account of rolling friction^ including friction at a pivot: instead of 
giving the student the impression created by so many English books^ that 
only sliding friction exists. 

jumtovoinr 

Ooeues de Mdoaniqne Otteste. Par M. H. Andoyex, Membre de I'lnstitut et 
du Bureau des Longitudes; Professeur 4 la Facultd des Sciences de 
Paris. Tome I. [Pp. vi -f 439.] (Paris: Gauthier*Villars» 1923. 
Price 50 fr.) 

Thx volume under review is the first of two which together are to constitute 
a complete course in celestial mechanics. The whole work is divided into six 
sections, which deal respectively with the general problems of celestial 
mechanics, the practical study of the Keplerian motion and of perturbations, 
the theory of the planetary motions, t^ theory of the moon, that of the 
movement of the earth and moon around their common centre of gravity, 
and the theory of the major satellites of Jupiter. The three former sections 
are contained in the present volume, the three latter will constitute the second 
volume. 

The work is planned on different lines from existing treatises on celestial 
mechanics. It is written for the practical computer by one who has had much 
experience in this &»ld. The theoretical methods explained are those which 
the author conriders to be the most useful for the purpose, and the method of 
adaptation to numerical computation is fully explained. Such subjects as 
metiKHls of interpolation, and the solution of Kepler's equation are discussed 
in detail, and where necessary numerical tables are included to facilitate 
computation. It contains, therefore, all that the practical astronomer is likely 
to want in the way of thecxy and in the actual methods of computation. 

H. S. J, 

fhg Karine CBt ron ogr ap h, Its Ustory and Devriopmsnt. By Lt.-Com- 
MAKDXR R, T. Gould, R.N, (retd.), F.R.G.S., with a foreword by Sin 
Frank Dyson, LL,D., F.R.S., Astronomer Royal. tPp. xvl + *87, 
with 39 plates and 85 hguzes.] (London: J. D, Potter, 1923, Price 
25s, net.) 

Tbs history and development of the marine chronometer have bemi 
closely bound up with the problem of finding the longitude at sea. The 
detmminaticm of a ship's latitude is a comparatively easy matter: it is evident 
that an observation of the altitude of the pole star will suffice in the ncrthem 
heosisphere, as the altitude decreases steadily from 90^ at the pole to sero at 
equator. The meridian altitude of the sun cxr of a star 1^ determines 
the latitude. But the problem of finding the longitude is a dUBsrent matter. 
If a ship is sailing due east or due west, the aspect of the heavens is practically 
same at the same local time wherever she may be. The moat important 
eaneprion to this statement is the moon, which on account of her rajfid chanjge 
;ot pdsirion relativaly to the stars can serve as a dock by whidi longitude or 
ttnis (measured relatively to some fixed place) may be detemdned. The 
longmide may also be found if the ship can carry with her the time at Gxeen« 
siii& er shme other fixed place. The two principal directioiis along which tho 
iklMdfi of the problem of determining longitude at aea was souc^t were 
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tiberefnre hf the la^tliod of lunar distaaaas and by HbB eonatmatlM #f o 
tiineiiieoe whose rate would be sufficiently resndar for the longitude to be 
deduced without serious error* The method of lunar distan c es has gradually 
receded into the baokgrouxtd, as it possesses the disadvantage that a small ernor 
in the observed distaooes gives rise to a relatively large error in the deduced 
lon^tude. 

Mfore the development of the marine chronometer, the method generally 
used to reach a given port was to get into the correct latitude at some distance 
to the east m: to the west of the port and then to sail along a parallel of 
latitude until the required port was reached. But not infrequently it would 
happen that the dead reckoning was so much in error that the ship would 
actually be on the wrong side of the port and would be sailing in the wrong 
direction, with the result that many days' sailing would be lost. It was the 
pressmg need for a solution of the problem of finding the longtitude which 
induct the British Government in 17x4 to offer a prise of ;£xo,ooo for any 
method capable of determining a ship's longitude within one degree, of 
;£i5,ooo if it determined it within 40^ and of ;£2o,ooo if it determined it within 
half a degree. 

Commander Gould gives an historical account of extreme interest of the 
various attempts to construct a timepiece suitable for use at sea, from the 
Nuremberg egg to Harrison's No. 4, which actually obtained the £20,000 
prise. With this timepiece the history of the modem chronometer may be 
said to have commenced. Considerable space is therefore given to an account 
of Harrison and of his successive timepieces and of the struggle to obtain the 
award after he had actually won it. The latter refects discreditably upon 
the Board of Longitude, which was the scientific body set up to consider 
the inventions submitted to it. The matter is discussed impartially by the 
author. It may here be mentioned that great care has been taken to obtain 
accuracy and original documents have been consulted wherever possible. As an 
example of the care which has been taken the reference to the very rare work 
by Sully quoted on p. 36 may be instanced. To this there is the following, 
footnote: " There is a perfect copy of this work in the Vulliamy Collection. 
The British Museum copy only contains about a quarter of the complete 
work," 

The account of Harrison is followed by accounts of the early EngUrii and 
French makers, Kendall and Mudge, Le Roy and Berthoud, Arnold and 
Eamshaw, by whose time the chronometer h^ to all intents and purposes 
assumed its modem form. Many improvements in detail followed and these 
are best considered with reference to the various parts of the mechanism 
concerned, the escapement, the balance, etc., rather than by an historical 
treatment. This course is therefore adopted. At the end is given a brief 
account of the modem chronometer and of its care. 

The work has been a labour of love with Commander Gould. That is at 
once apparent on reading the book. It contains a vast amount of information 
and can fittingly ro on the bookshelf alongside Britten's Old Clocks and iheif 
Mahers as a standard work of reference. But one must not infer from this 
that the work is a mere encyclopaedia. It is a volume of intense interest. All 
technical terms are explained as they arise so that no technical knowledj^ on 
the part of the reader is necessary, al&ough much will be acquired in the oouxse 
of the reading. 

It may be mentioned that Commander Gould has not merely a paper 
knowledge of clocks. He has also the technical skiU of the rnakar, md 
during^ the preparation of this book he voluntarily undertook to clean Kaxa^ 
son's first and fourth machines, which are kept at the Royal Obeervatory. 
Gkeenwicb. 

We congratulate the author upon his valuable book, which ebould mala 
a wide appeal. H. S. J. 
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Mb MubIw d Bdaihilf « By AumitT EmmiK. Ttamlatod by Bmrnr 
Puurrovt Adams* Professor of Physics* Princeton University. v ^ 
103^} (London: Methnen d: Co.* x^s. Price 5s. net.) 

IM this voltune is given a translation oi four lectures which were delivered 
by Prof. Einstein at Princeton in America during 192X. The subiects of 
tne individual lectures were: (z) Space and Time in Pre-relativity Physics, 
(a) The Theoiy of Special Relativity. (3) and (4) The General Theory of 
Rdativity. The four lectures together give a brief but connected account 
of the whole theory. The argument is mathenxatical, and, because of its 
conciseness* is not suitable for a reader apiuroaching the theory for the 
first time. Those* however, who are familiar with tensor calculus and have 
already some knowledge of the theory may read the volume with profit. 
As may be expected from Einstein himself, the exposition is admirably 
clear, and the translation is a good one. One statement may be disputeo. 
On p. zoz it is stated, in reference to the distdacement towards the red of the 
solar spectral lines required by the theory that results obtained during the 
past year seem to make the existence of this effect more ^mbable, and it 
can luudly be doubted that this consequence of the theory vriXL be confirmed 
within the next year.*' It is very probable that the confirmation of this 
deduction will be long delayed yet. 

The printing of the mathematics is not above reproach. In particular, 
It is misleading to print the square root of minus unity, commonly denoted 
by f* as i. Ibis type is by fairly general consent reserved for vectors or 
tensors, and in fact a vector i, the electric current, is used in this book. As 
exam{^ of the sort of errors which are rather common in the volume may 
be mentioned that on p. 15. line 4 from bottom, the right hand A^wp should 
read Av/uip. On p. 35, line xo, Ta should be Tav, and in equation 49, 
should be On p. 72, equation 57, should be d^rV* On p. 74, 

line B* A^^ is omitted from the middle equality. 

H. S. J. 


fhe Theory of Speotra and Atoxnto OonsUtution* Three Essays by Nxxls 
Bohr, Professor of Theoretical Physics in the University of Copra- 
hagen. [Pp, x 4-126, with figures.] (Cambridge : at the University 
Press, 1922. Price ys, 6 d. net,) 


This volume contains the translations of three addresses given by Prof. Bohr. 
The first, entitled '* On the Spectrum of Hydrogen,*' was given before the 
Ph3raLcal Society of Copenhagen in 1913. The second, entitled On the 
Seifes Spectra of the Elements*" was given before the Physical Society 
of Berlin in Z920, whilst the third, on " l^e Structure of the Atom and the 


Physical and Chemical Properties of the Elements*" was given before a 

e t meeting of the Ph3r8ical and Chemical Societies of Copenhagen in xqix. 

first two addresses are reprinted as delivered, the third has l^n slightly 
modified in one or two minor details. The three essays, dealing as they do 
n^th closely related subjects, necessarily overlap somewhat* and as they corre¬ 
spond in time of delivery to different stages in the development of Bohr’s 
themy cd spectra, they are not in some details in mutual agreement. It la 
a pi^ t^t the three lectures were not recast into one homogeneous whole* 
whm would have avoided repetition and contradiction* and within the same 


comp$u would have allowed of fuller treatment on certain points which 
have bad to be passed over very briefly. We hope, however, that it may yet 
he found possible by Prof. Bohr to give a faU and connected account oi his 
IfeUi^t tneortes of atoiz^ 

These theories are based upon the quantum conception of raern which 
Is necessary in order to account for the Observed law of radiatilon of a Uack 
hodly* urbira classical mechanics completely fails to do. Bohr adopts the 



SCIENCE PROGRESS 

fttomk model of Rntheiionl^ end stippoeee thet imdlatlom end 
occur when an electron jutnm from one orbit in the electron to eneiher* 
e deimite amount of ener^ being given out or absorbed in the process. With 
this conception he oouplM that which he terms the correspondenoe prindlie. 
According to this prtncipla, if the znoticm of the atom is anal3rsad into • 
monic components^ the po^bility that any particular transition from one 
electron orbit to another may occur is due to the presence of the corre* 
spending harmonic component in the motion. This principle, which is really 
empirical, but which is found to be a safe guide and to accord with experienoe 
in such instances as it has been tested, provides a general law for determining 
the occurrence of transitions between the various stationary states. It u 
a very powerful weapon for determining which transitions actually take place, 
and & Bohr's hands has enabled him to give a rational explanation ^ the 
periodic table and to predict the main physical and chemical properties of 
the elements which correspond to the gaps in the table. It may be recalled 
that since the publication of this book, one of these elements. caUed hafnium, 
has been discovered, and its properties are found to correspond with Bohr's 
predictions. These subjects are dealt with in the third essay. 

The book is non*niathematical. and can therefore be read with profit by 
the general reader. It tells a fascinating and remarkable story, and we are 
grateful to Prof. Bohr for having provided this account of his theories, for 
such an account has not hitherto been available in English. 

VXTKEC8 

Atomes et lileetrons* Rapports et Discussions du Conseil de Ph3fsique 
tenu 4 Bruxelles du au 6 Avril 1921. [Pp. 271.] (Paris: Gauthmr* 
Villars et Cie. Z923. Price 20 Irs.) 

It is now just eleven years since the great Belgiim industrialist. Ernest Solvay. 
convoked an international conference of physicists to discuss the effect on 
their science of the invasion of that disconcerting stranger, the Quantum. 
Shortly after, he founded the International Institute of il^ysics. whose task 
was " d'encourager des recherches qui soient de nature 4 4 tmidre et surtout 
4 approfondir la connaissance des ph 6 nom 4 ne 8 naturels.*' Since that time 
two further " Solvay Conferences have been held, and this volume contains 
the reports presented and discussions held thereon at the third conference, 
which took place in April 192 z. 

These reports and discussions centred, as the title suggests, round the 
moperties of atoms and electrons. The volume opens with some notes 
Prof. Lorentz on the theory of electrons, emphasising the difficulty m 
reconciling the current views on the structure of the atom with the absence 
of radiation and stability. Lorents. however, seems to think that it it not 
quite impossible to rek^te this difficulty to the interior of the atom and 
still maintain Maxwell's equations for deecribing the phenomena of the 
surrounding space. Sir Ernest Rulherford presents a rep^ on the etructtire 
of the atom, describing the nuclear theory and discussing the question of 
the dimensions of the nucleus. A short account of his recent work on arti fici al 
disintegration of the elements is given together with a reference to the 
existence of isotopes. A brief rekrence to the structure of the nndmm 
concludes this report. It is followed by one written by M. de BhxigBs# In 
the first part of which he deals with the photo-electiic effect, mbag that 
term in its broadest sense. In the second part he treats the inverse 
.electric effect. f.s. the production of radiation by the impact of elsctrotti 
on atoms, and resonance potentials. The report illustrates the 
of the well-known Einstein law and discussas the difficulties ooca s fi m ed jhiy 
the appearance of " condensation " of energy of radiation into ths^ ^ 
electrons. The pressing nature of this dlffiootty it exemplified by tfit snwsiM 
discaaskm uddeh follows this report 
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. stMtUog cfaany in propciirtiea wliicli takes place in matter at very 
iemp^ it one of thb most remarkable of reoent discoveries* It 
is tart estural that the dixector of the famous cryogenic laboratory at Leiden^ 
V$oL Xamerlinid^ Qnnes^ should expound the present state of our knowledge 
on these matters* He presents two reports, one on paramagnetism at low 
teiiq)6ratures, and one on the pursling phenomenon of the superconductivity 
which makes its appearance in metals as their temperature approaches the 
abimlixte aero. Sir William H. Bragg and Prof, de Haas contribute two 
shcBt reports, the former on the intensity of redaction of X-rays by diamond, 
the latter on the theory of the relation between the magnetic moment of a 
magnetised body and its intrinsic angular momentum and the experimental 
work verifying this relation. The volume concludes with two reports by 
Prof. Bohr and Prof. Ebrenfest on the application of the Quantum The<^ 
to atomic problems and on the ** Principle of Correspondence with which 
Bohr has recently enriched the postulates of the Quantum Theory. 

It is impossible to overrate the importance of such periodic gatherings 
of the foremost ph3^icists of the world. The subject is so ramified that the 
general worker needs to have his attention focused at times on the di&culties 
which confront the several avenues of research. He soon learns that they 
are all various aspects of the perennial paradox of intellectual life, the contest 
between continuity and discontinuity. 

It is sad to relate that M. Solvay, whose munificence the International 
Institute of Physics came into being, died Just at the time when this Report 
was published. 

J. R. 

Eltaimtaite at Thtetiea Hodemea. Premise P&rtie. Far J. 

ViLLBY. [Pp. X + 197.] (Paris: Gautbler-ViUars et Cie, 1921. 

Price J5 frs.) 

Itaa is the first of two volumes forming a work on Elementary Physics, 
ift which the author makes the reading of the subject more pleasant by the 
infusion of ideas from modem physical theories. The book is not a textbook 
in the accepted sense of the word. It makes a wider appeal, expounding 
said emdaining the body of essential phenomena which no intelligent person 
can afirard to overlook, surrounded as he is by such numerous industrial 
applications of the physical sciences. By adopting a method of exposition 
wbicli is not burdened with too much detail the author contrives in aoo 
puss to deal in an int«esting manner with Mechanics, H3rdrostatics, Heat, 
Iwlstlcltyi and Sound. The sub-title of this part. " Mblecules et Atonies,” 
Indicates the fact that the last chapter of the volume is devoted to an outlim 
of the atomic and molecular theory of matter and the manner in which it 
aoi^rdinates the wmlanatUais of the phe n o me na dealt with previous^. 

J, R. 

ht Mooipt ie BdattviU at la tUoria la la Chravttattoo. Par M. JxaM 

BBcgvsRXt. (Pp. Iv-f34a.] (Paris: Gautbier-Vilian et Cie, 

1922. Price25frs.net.) 

It ia BOW eig hteen yearn sinoe Einstein, with the audacity of genius, mede 
fitat of mose two great stepa edddi have resulted hi a theory that has 
fnvolnthmiaed the funda m e nt a l notions on which Msefaanka ud Fhysioa 
fna: baaed. For tiie greater part of that time the literature of Relativity 
' Batmally ootudsted in the main of ooasmunicationa to varioua acieiitilo 
lohriMla: brtwttbiatiiepasttiaaeyearatfaeoutiHitafbookaonthesublaoit 
iiijw baea ama riag, To be aom, tha majoirity of theas have been of tiia 
nafalar or aemi-popHlar type, and the nmnlMr of ayatematio and formal 
ftifliMa on tlia aid^ have been oomptratively lew. The v^ume before 
0 M m ^nOesim adohkm to that amall group of worka. £t ia 9 k f jmtotiMitfo 
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tr«iitm«at of the Relativity principle, the first p^ of whidi is dewtid to 
the restricted Relativity ii t^s with its reactions on the treatoMnSt of 
D3naamics and ElectromagnetiBin, and with its introduction of the new 
concept of an interval of Space-Time/* In the second part the necessity 
for generalisation in view of the phenomena of gravitation is explained, and 
the close connection between the mathematical treatment entailed by tiis 
generalised principle and the theory of multi-dimensional manifolds 

S ounded. A full account of the application of the tensor calciilus to DynamkB, 
ravitation, and the Electromagnetic Field follows^ A chapter is devoted 
to those speculations concerning the finite extent of the universe which 
arose in the first instance as a means of surmounting the difficulties entailed 
in the treatment of boundary conditions (difficulties not unknown in pbilo** 
Sophie considerations of the Newtonian system) and which, as M. Becquerel 
shows, have an important bearing on a consistent view of the electric con** 
stitution of matter. The book is brought up to date by a final chapter on 
the theories of Weyl and Eddington as to the union of the field of gravitation 
and the electromagnetic field and the identification of the tensors wiffich 
represent the physical concepts based on experiment and observation with 
the tensors which arise naturally in a deductive geometric treatment of a 
four-dimensional manifold. 

The book is written in that direct and lucid style which is characteristic 
of the French physicists and mathematicians. One misses the picturesque 
language and semi-mystical, almost whimsical, ^hes of Prof. Eddington's 
latest work; but the business-like way in which M. Becquerel strives to 
make straight the rough road to Relativity will amply repay any English 
student, familiar with the French language, for a perusal of this very inter* 
eating book. 

J. R. 

An Introdnoiicm to Eleotrodynainioi. By Lbior Page, PluD. [Pp, 
vi + X 34 *i (London and New York; Ginn & Co. Price loi. 6d. net.) 

Unlixb the rest of the books on the electromagnetic theory, the author 
deduces the fundamental equations of electrodynamics directly from the 
principle of relativity. In this way he is able to treat the subject at once 
rigorously and lucidly. The lucidity of the treatment is further increased 
by the employment of vector methods. The required theorems in vector 
algebra are described in an introductory chapter, the notation used being 
that of Gibbs. Purely vector methods are not always used. as. for example, 
in the deduction of the equation of Fresners Wave Surfaoe and the Faraday 
and Zeeman effects. Admirable vector treatments of the former of these 
were given long ago by Hamilton and Tait. using linear vector functions, 
which here go under the name of dyadics. There are many novel touches 
given throughout the work which may be best gathered by riming the bookr 
The book is to be recommended as a sound and intsiesting treatment of 
electrodynamics. 

J. a 

Atoms* By Jbak Pbrrxn. Authorised translation by D. LL Hammtofc. 
[Pp. XV + 230.] (London: Constable A Co.. 192$. Price fid^ 

Tbxs translation of Perrin’s famous book constitutes the second edition iu 
English. The first English edition appeared in 19x6. but the work hee 
in the mcMtime gone through sever^ edHions in French. Hie present 
translation is bai^d on the eleventh French edition and has had the advadtags 
of a special revision by Prof. Fierrin, who has added some new matter. 

As one makes a fresh acquaintance with the pages of this masterly little 
work, with its brilliant array of the powerful evidences lor ateonlcity to mutter 
and electrimty. one wonders will it ever be posrible for my physkisl m' 
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ivtm to take op oooe more tlie attitude (now practically loreotteo) 
of ectentiata and philoeopheri auck aa Emat liwh and Wilhelm Qatwa 2 d» 
odio« in the latter part of the nineteenth oentury. regarded the atomic 
nypotheiia as merely a trandent phase of general physical and 
theory. At the moment the atondc theory has triumphed. One by one 
Ha opponents have abandoned their sceptical position, and even Oatwald» 
the most stubborn of them, has at last been converted. To many readers 
of this journal, especially the young, it may come as a shock to learn of the 
existence of this once powerful school of energetists *' who regarded 
atomism as an unverihable and unnecessary hypothesis. The writer would 
suggest to such readers that, if they were suddenly faced with the task of 
collecting and classifying from their general reading of the literature of 
Physics wd Chemiaixy the observational data and reasoned arguments 
i^n which belief in atoms rests, it might prove a rather dif&cult task. 
However, they can take heart. Here in the compass of rather more than 
aoo pages the task is achieved in a manner that compels the utmost admira* 
tion for the gifted author. 

One of the new features of this edition is an account of the author's 
speculations as to the activity of radiation in provoking chemical reaction, 
viM, that the essential mechaxdsm of all chemic^ reaction is to be sought in 
the action of light (in the general sense of radiation) upon atoms. The 
reader is warned that this theory (developed independently in England by 
Prof. W, C. McC. Lewis) is looked on with disfavour in certain quarters. It 
certainly has some difficulties to meet; but it seems equally difficult to 
suggest a suitable alternative hypothesis, at all events in the case of uni* 
molecular reactions. 

'The translation is well done and the style and appearance of the book 
are attractive. 

J. R. 

OXBinSTBT 


▼at Ckdouri, By J. F. Thorpe, C.B.E., D.Sc., F.R.S., Professor of Chemistry 
in the Imperial College of Science and Technology, and C. K. Ingold, 
D.Sc. (Monographs on Industrial Chemistry.) [Pp. xvi + 491.] 
(London: Longmans, Green & Co., 1923. Price i6s. net.) 

Vat colours occupy a unique position in being at once the oldest and the 
newest class of dyes known to man. 

The earliest representative of the class, indigo, was known to the Egyp* 
t i a ns at least 5000 and as woad to the early Britons, whiUit Tyrian 
mrpie (6: 6^-dibrom*indigo) was also known to have been in use in X500 b.c. 
The peculiar manner of dveing in a fermented '* vat" and the extraordinary 
fastness of the resultant dyeings made these two colouring matters of special 
interest in the early days, but they remained unique for many thousands of 
yeaxs until towards the end of last century, when the genius of von Baeyer 
elucidated the structure of the indigo molecule and showed how the dye could 
be made synthetically. 

Shioe that time a omtindous stream of new vat dyes-*chlor* and brom- 
tndiaos, indanthrenes, algol colours, thioindigos, hydron blue, and so on--* 
has been pouring forth from research laboratories so that by 19x4 the patents 
idoue were to be counted by the hundred, with scientific literature to corre¬ 
spond* But for the war there is little doubt that the absolute monopoly in 
vut-dyss held by the German and Swiss firms would have been as complete 
is any mcmqpoly could be. 

mtunately for this country, the grsat efiorts made here to re-establish 
thw^ni liidustiyhavemetwithalargemeagiHeof suo^ess, soth^ many of 
fbm uuxyJatest and most complex of the vat colours are now manufactured 
IM» on the large scale* 
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In view ctf tli0 tnomom Utetatiira of all sttamfto to iM* 

niiirito our proaetit knowledi^ most be welcomed* as at the moment ■ ■agistft 
frm the jpresent work^Trattwin'a EfuyhlopadU i$f K^Skpmfwrhsioff^ atfd 
SViedlaendar's Fi^ftschHUe axe the only worlm that can be consiilted» ao that 
the anthors of Kal Cchms have endeavoured to fill a very notkeablb ptf hi 
chemical literature* 

The contents are divided into two main sections* the first dealing with 
indigo and its cousins* and the second with dyes derived from anthraquinone* 
and related dyes; tite first three chapters* on the history of natural indifo 
and Tyrian purple* are very interesting. 

The careful subdivision of the anthraqulnone dyes should greatly fadU* 
late the task oi searching for any particular class of dyes. 

The value of the book is* however* somewhat marred by various errors 
of omission and commission: thus* reference might have l^n expected to 
such matters as hydron blue* p)^ale-anthrone yellow* the remarkable 
series new tndigoid vat dyes discovered by Cassella & Co.* and to the 
recent class of vat dyes derived from simple quinonea. Ko mention* again* 
is made of the synthesis of indigo from dianilido«8uccinic acid* nor of the 
remarkable synthesis of phenyl-glycine directly from aniline and trichlor* 
ethylene discovered in the laboratories of the British Dyestufis Corporation. 

The following errors may also be noted : the formula for indigo on p. 64 
is incorrect; tlm nitration of para-cresol (p. X03) does not give the nitro¬ 
compound indicated but its isomer; on the same page methoxy>> is given instead 
of Aydfcsy-nitrobenzaldehyde. On p. 195 algol scarlet G and algol pink R 
(translated as algol rose R) are stated to be the products obtained from 
the other hydroxybensoic acids and from the methoxybenrolc acids/* Thia 
is* of course* incorrect; the hydroxy and methoxy groups are on the antlura- 
quinone nud6i and not on the benroyl nuclei. On p. 417 the dye derived 
from acenaphthalimide is described as a ** strongly coloured r$d-viokt vat 
dye*** and later as a member of a class of ** powerful vioUt dym/* Actualty 
t&B colour—Kardos* ** aceanthrene green **—dyes cotton an mtense 
green from a violet vat. 

The purpose of Part IV* ** Preparation of Intermediates for Vat Dyes*** 
is not altogether clear* as the methc^ given are in many cases of little practi¬ 
cal value. Anthranol* for example* is not made at the present time t>y re¬ 
ducing antbraquinone with tin and hydrochloric acid* nor is c-nitro-p-cresdl 
prep^ed on the large scale from dini^otoluene in the manner described. 

^e moderate price of the book is a pleasant surprise having regard to 
the large number oi complicated formulas and the general excellent pxihtifig* 
and the work will doubtlsas be perused with interest by or^^c cbemisti. 

R A.IL 

gheDs aten s U vs Dt st O iatton ol Wood. ByH.M.B onbitkv* M*Sc. tE^xx^ 
320* with XX5 illustrations.] (London; Bexm Brothers* xpas* Pdei 
351. net.) 

As stated in the preface* no English book dealing exclusively with wood 
distillation has yet appeared* and this in spite ol the fact that the de a t ni cfe iv t 
diitiUation of wood has been practised for generations in Eunm and 
and stands second in importance mxly to that of coaL The booh dsall 
eidiattstively with every aspect of the subject; besides describing the jdjiipt 
and methods of modem wood distillation pxmctice* it contains chaptexi 
to the physical and chemical properties of wood* the factors mfludndiig ^ , 
thermal decomposition of wood and the properties of the rewdtittgjpeodw^ 
the production of illuminating and power gas from wood* etc* Intog* 
mation regarding the chemistry of wood is quite up-to-date» iarJudkir w It 
does a dwimption erf the meet recent vkwajon the ocmititixt^ 
unit* and alao such views as are at present put forward rejjjpsdtef ISbe wwMir. 
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t«)MMo(Ugnlsi, llie chapter an the themal decomposition x^acticm 
come rathw ra^ speoulatioiis regarding the mechanism of the process, 
toetedtng the implied statenumt on p. ,132 that glucose (the hestose frocfi 
celfailosa) yields mucic acid on osddation; incidentally, also, the fonmila 
given for a pentosan on p. 131 is that of a pentose. The last chapter deals 
with anal^&al methods employed in the analysis of the crude and redned 
wood distiUation products; it is perhaps permissible to ei^ress a regret that 
the author did not see his way to extend this chapter to include details also 
of the methods evolved in America, more especially by Schorger and Dore. 
for the complete analysis of wood, especially in view of the fact that many 
of the results obtained by those authors are quoted in tabular form. But 
where there is so much that is good It is perhaps ungracious to ask for more, 
seeing that the text is supported throughout by a literal supply of analytical 
result and other data together with fw references to literature. The book 
is attractivelv got up and well illustrated, and may be recommended as a 
storehouse of information on the sut^eot of wood distillation and all its 
nunificfttions. 

P. H. 

fiiiidaittentals of Biocdiemistry In Bdatton to Human Physiology. By T. R. 

Paksons. B.Sc.. M.A. [Pp. X X 281.] (Camlnidge: W. Heffer St 
Sons. 1923. Pnce 105. 6d. net.) 

Thb author has sat down with the clear purpose of painting a broad canvas 
uncrowded by detail. He has felt that, whilst there are admirable treatises 
of biochemistry for those who have time to get to grips with their bulk, 
there is the lack of a book of the dimensions demanded by the hist beginner 
or the passing student. Mr. Parsons has had in mind the presentation of 
what biochemistry has set out to understand and what sort of distance it 
has got on the road to understanding. So much is gathered from his intro¬ 
duction. in which he hopes that any merit my book may possess may 
result from its containing rather less information than more than other hooki 
contain.'' 

It is fortunate that the discussion of such problems as metabolism and 
the energy changes of the organism, of nutrition and respiration, present no 
difficulties to the working out of this principle and lose nothing in the process. 
But when one turns to the chapters on the chemistry of the carbohydrates, 
proteins, and fats one sees the author in difficulties. He will not be mastered 
m a mass of data, whilst he is conscious that without such matter these 
ehapters add little to the picture. 

However, a book which has one defined object must be kept within the 
prescribed limits of sise. and this object has been quite delightfully achieved. 
We Itoow of no better bc^k to put into the hands of a student of some previous 
ticiOtttific training who. for the first time, is turning his attentioD to physio- 
logfesd or medicid problems. He will not then lose his sense of proportion 
in the larger books and in the monographs it will be his business to handle. 
The medi^ student, likewise, would do well to relax awhile in these pages, 
i^d he wW return to bis textbooks with heart of grace. Indeed, a larger 
public will find here much that is fascinating in the romance of Life. 

R.KC 

aad Reduettoni in the Aaisaal Body. By H. D. Oakik. D.Sc.. 
F.R. 3 . Monographs on Biochemistry. Second Edition, [I^. ix + 
176,] (London: Longmans. Green St Co,. 1922. Price 6 s. net.) 

'itSMCB the appearance of the first edition eleven years ago our views on the 
useidMniiam of oxidation have undergone considerable change; even such an 
simple oxidation mi that of carbon monoxide to carbon dioxide 
ikf^vss w intermediate formation of fomiic add. hydrogen and hydrogen* 

,311 
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peroxide, and, ae stated by the author'' a closer analysis of biochemical oxida* 
tions will reveal similar analogies, and indeed they are already being 
discovered.** The second chapter has been extended to include an accoant 
of the more modem ** dehydrogenation ** theory of oxidation as expounded by 
Wieland and others, and considerable space is also devoted to the work of 
Hopkins upon Glutathione. The chapter on the oxidation of carbohydrates 
has been substantially rewritten to include the advances made in this field 
of investigation, and the opportunity has been utilised for giving an account 
of the constitution of the various modifications of glucose which are now 
recognised. Despite the numerous valuable contributions which Dr. Dakin 
has made to our knowledge of the formation of intermediate products of 
oxidation with the use of hydrogen peroxide in vitro, he explicitly states his dis¬ 
belief in the view that this substance is the active oxidising agent in the animal 
body. Hydrogen peroxide may be formed in small amounts during the 
processes of auto*oxidation, and moreover when oxygen acts as an acceptor for 
hydrogen, hydrogen peroxide and not water is the initial product, but in the 
author’s opinion the old idea that catalase may serve to prevent excessive 
accumulation of hydrogen peroxide has a good deal to recommend it. The 
book is written in an attractive manner, and must be consulted by all who 
wish to obtain an insight into the very complicated subject of tissue oxidations. 


Priotieal Plant Bioohemistry. By Muriel Wheldale Onslow. Second 
Edition. [Pp. 194.] (Cambridge: The University Press, 1923. 
Price 12s. 6d. net.) 

To students of plant chemistry this little book is already well known, and that 
it should have already reached a second edition is evidence of its popularity. 
The general arrangement and size of the new edition is essentially the same 
as that of the first. The chief new features are the inclusion of a chapter 
on vegetable acids and a somewhat difierent treatment of the subject of 
oxidising enz3mie8. 

A Ctomprehensive Kreitise on Inom^mio and Theoretioal Gbemtotry* By 

J. W. Mellor, D.Sc., Vol. Ill, Cu, Ag, Au, Ca, Sr, 1 ^. [Pp, x + 927, 
with 158 diagrams.] (London; Longmans, Green & Co., 1923. 
Price 635. net.) 

Dr. Mellor continues to achieve the almost impossible task he has set 
himself, and the third volume of his treatise fully maintains the standard of 
its predecessors. Copper, silver, and gold are discussed and the group of 
the common alkaline earths; the radium and actinium families are to be 
dealt with at the beginning of the fourth volume, so that the issue of this 
will be awaited with special interest to see what Dr. Mellor has to say on 
this fascinating but complex group of elements. 

An amazing amount of material is included, and most of the attempts to 
catch the author out by seeking for unlikely substances or reactions whi^ 
might pardonably have been overlooked ended in the discomfiture of the 
reviewer I There are, of course, one or two omissions and misprints. Ihus, 
there is no reference under copper to the important contribution of Sidgwick 
and Tizard to the solution of the problem of the blue colour of copper salts; 
but such omissions are rare, and the enormous number of references, ranging 
from the hook of Genesis to scientific papers published in 1922, indicates 
the encydopae^c character of the work. 

The book is quite readable (it is almost unnecessary to add that it is very 
well ud clearly printed), and the absence of the quotations and headings with 
which we have become familiar in tl» author*s writings is, on the whole^ not 
to be greatly regretted in a reference book of this type. 
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Or. MaUor is certainly constructing for himself a memorial more lasting 
titan brass, and the publishers may rest content that the Treatise *' will 
be like the goods concerning which the notice appeared, We do not sell these 
goods; they sell themselves. We only wrap them up I " 

F. A. M. 

OhiaDdoil Principles. By Arthur A. Noybs and Milbs S. Shbrrizx. 
[Pp. xviii 3x0.] (New York : Macmillan & Co., 1922. Price i8s. 
net.) 

The evolution of the methods of teaching physical chemistry is a necessaxily 
slow process, not only on account of the slight degree of correlation which 
exists between some of the branches of the subject, but also because of the 
rapid extension of its boundaries since the nineties of the last century. It 
is increasingly evident that the course of training of the student, who is to 
become the future investigator in physical chemistry, must be grounded on 
an ever-broadening basis of mathematics and physics. 

The value of the textbook, Chemical Principles, by Noyes and Sherrill, 
lies mainly in the success with which these authors have presented a system¬ 
atic and logical course of training in the groundwork of the science. This 
treatise, in which is embodied the results of many years' experience in the 
teaching of fundamental chemical principles, is intended to give ** that 
intensive training which is essential for pursuing successfully more specialised 
courses of scientihe study or for appl3dng chemical principles to industrial 
problems.” ” The book consists mainly in a development of the atomic, 
kinetic, and ionic theories , . . and with the aid of these theories, from 
mass action, phase rule, and thermodynamic view-points, of the principles 
relating to the rate and equilibrium of chemical reactions.” It is inter¬ 
spersed with problems which form an integral part of the course of training 
which is set forth, and these, in themselves, will be of great service to teachers 
of ph3rsical chemistry. The book would possess an added value if the authors 
could see their way to include in the next edition a list of references to the 
papers from which their problems have been chosen. 

A systematic notation has been employed throughout the book, which 
is summarised in a convenient form at the end. Although this does not 
agree in all respects with the notation recommended by the Chemical Society, 
the differences are not sufficiently marked to give rise to any difficulty m 
its use in this country. 

The omission of the Nemst heat theorem from the course of instruction 
is to be regretted, since this theorem possesses considerable importance, 
both in pure and applied science, for the study of chemical processes. 

W. E, G. 

Ibg Iheory of Allotropy. By Prop. a. Smits, Ph.D. Translated by J. Smeath 
Thomas, D.Sc. [Pp. xiii + 397, with 239 figures in the text.) 
(London : Longmans, Green ft Co. Price 2is.) 

Boyxjb in The Sceptical Chymist pleads for a simplification of the phrases 
current among the Chymisls of his day. ” 1 have long observed,” says, 
” that those dialectical subtleties, that schoolmen too often employ about 
phytiological mysteries, are wont much more to declare the wit of him that 
uses them, than increase the knowledge or remove the doubts of sober lovers 
of truth.” Science still suffers from the ” tyranny of phrases,” and Boyle's 
oritidsms of the ” vulgar spagyrists ” and the ” hermetik philosophers ” 
might with equal justice be repeated with regard to many writers of scientific 
treatises of the present day* 

PtaL Smits has chosen to present his theory of allotropy in a lanf^age 
whidb is as difficult to understand as that of the alchemists, and this is ail 
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the more regrettable as his theory should prove very useful for the interpreta* 
tion of many phenomena, hitherto only obscurely understood. The vrork 
is not only overburdened with phase diagrams which so confuse the reader 
as to destroy his interest before 1^ has read many pages, but is also elaborated 
much further than is Justified by the slender experimental basis on which 
it stands. 

The view that substances, which arc pure in the chemical sense, may 
occur in several modifications In the liquid and solid state has been acce|rted 
by chemists for many years. Normally, the establishment of equilibnum 
between these modifications takes place sufficiently rapidly for the substance 
to be treated as a one-component system. In a very few cases, mainly in 
organic chemi^y, such as in tautomeric change, etc., the equilibria were 
known to take place sufficiently slowly for measurements of the rate of 
change to be made. The author shows that these slow changes are of more 
frequent occurrence than is generally assumed, and in the first six chapters 
of the theoretical part of the book and in the first chapter of the experimental 
part he discusses the relationships between the unary, pseudo-binary, and 
pseudo-ternary systems which are present in these cases. The theory is 
extended to embrace electromotive behaviour, and the method of treatment 
adopted brings out many novel and suggestive features. The slow changes 
occurring during the ionisation and the discharge of metals are regarded 
as being analogous to the corresponding equilibria between the various 
molecular species in the liquid and solid states. Anodic and cathodic 
polarisation, overvoltage, and passivity are Interpreted from this point of 
view. 

The explanations put forward by the author are often restatements of 
the problem in terms of a complicated phase diagram, and throw little new 
light on the phenomena under discussion. Thus he deals with the Ostwald 
law of sucoessive transformations on p. 98, with the significance of small 
concentrations on p. 174, and with the problem of passivity on p. 358. 

While the book Is of value as a work of reference to a number of little- 
known fields, it has very little merit as a textbook and is not one that can 
be recommended to students. 

w. E. a 


The Chemistry of TTrea. By Emil a. Wbrner, M.A., Sc.D., F.I.C. (Mono- 
maphs on Biochemistry. Edited by R. H. A. Piimmer and F. G, 
Hopkins.) [Pp. xii + 2xs.l (London: Longmans, Green d: Co., 
1923. Price X4S. not.) 

This excellent series of monographs needs no introduction. The volumee 
already published have a place in the laboratory and by the desk of every 
student of biological problems, and an addition to their number is awaited 
with a keen impatience. We would say at once that Prof. Werner’s b^k 
ably maintains the tradition of its predecessors, and in it the serious reader 
will not be disappointed. This said, the greater part of criticism is made, 
and we may the easier confess to one regret. Other contributors to the 
series have found a particularly happy balance between the treatment 
expected of a textbook and that requirea of an original thesis. Prof. Werner, 
we feel, has erred in this particular in the direction of elaboration of detail 
and a reiteration which is a little tiresome. His argument would have 
yielded nothing in force had he been content with something less than two 
hundred pages. 

The purpose of the monograph is no less than a massed attack on the 
accepted structure of urea. For more than ten years the author has pursued 
a remvestigation of the reactions and syntheses of this familiar substanoe, 
and he now presents us with a considered verdict and an alternative. It 
is his conclusion that the main syntheses of urea may be expressed as the 
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miioii of ammonia with the keto form of cyanic acid and the hydrolysis the 
reversal of this reaction* 

NH, + HN.C: 0 ^ HN.CC | 

\NHi 

The new structure brings urea into relation with the ammonium salts in 
general and goes far to overcome the anomalies associated with the con¬ 
ventional carbamide formula. Of wider interest, perhaps, is the biological 
problem raised. Physiologists will have seriously to consider the claims of 
cyanic acid to a place in any general scheme of nitrogen metabolism. The 
author presents a formidable argument that will be read with a lively interest. 

In appendices are collected the physical constants of urea, a critical 
survey of the methods for its detection and estimation, and a brief discussion 
of the possibility of the economical fixation of nitrogen as urea. 

R. K. C. 


PraotioalChemistry. By E. J. Holmyard, B.A. [I^. xvi267.] (London: 

G. Bell & ^ns, 1923. Price 4s.) 

Wb may say frankly that we have been disappointed in Mr. Holmyard's 
new book. After reading through his excellent work on Inorganic ChemisUy^ 
we had expected from him in a book on Practical Chemistry something quite 
^f^ent, something much more out of the ordinary than the present treatise. 
Not that it is in any way inferior to its forerunners of the same type, in fact, 
it is probably much better: but, nevertheless, we are not sure that the ideal 
or nearly ideal method of presenting the practical aspect of a scientific 
subject has been attained in this type, especially if the book is intended 
to r^lace to a certain extent the personal side of practical teaching. 

book is intended as a laboratory companion to the author's Inorganic 
Chemistry and covers the schedules of the School and Higher Certificates. It 
is divided into two parts, elementary and more advanced. In the former, 
after dealing with differences between mixtures and compounds and funda¬ 
mental methods of separation, experiments dealing with the proof of the 
simple chemical laws and methods of determining equivalent weights are 
described. This is a good point, though possibly the use of silver and silver 
salts in many of the experiments may be objected to in many schools on the 
score of expense. The next seventy pages are devoted to preparative work. 
We think that a ^eat number of the experiments described here would be 
better carried out in the lecture-room than by individual students in the 
laboratory. 

In the advanced part a considerable number more of unconnected 
inorganic experiments and a few organic preparations are given. In addition, 
sections are devoted to Volumetric A^l^s, Gravimetric Analysis, and 
Simple Ph3r8ical Chemical Measurements. We should have preferred to 
have seen more simple gravimetric quantitative experiments in place of 
much of the preparative work. In volumetric analysis it is generally found 
better to use as the unit the equivalent weight and to carry out all calcula¬ 
tions using this unit instead of the gram. One further small point of criticism 
is the heating of Gooch crucibles with easily reducible substances directly 
in the Bunsen flame. We rather sympathise with the schoolboy attempting 
to get copper oxide to constant weight under these circumstances. 

On the whole, however, the eiq^mental work is extremely well described, 
and to those who prefer the direct method of teaching the book may be 
strongly recommended. 


H, T. 
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A Itelbook on Ore Dreninf. By S. J. Truscott, A.R.S.M., VLIMM. 

[F^. xii + 680, with 446 illustrations.] (London: Macmillan A Co*» 

1923. Price 405. net.) 

Thb practice of ore dressing is ever advancing and changing. Since the 
beginning of this centu^ the ma^etic method of separation has been greatly 
developed and most widely applied, and in 1910 a new s^tem of treatment, 
based on principles only partially applied to mineral Messing before, was 
successfully introduced and has since assumed a most important position 
among the methods of concentration. 

For at least the last twelve years no new book on ore dressing has been 
published in this country, so that there is, undoubtedly, a place for a work 
which presents, within a reasonable space, the methods in use to-day. Such 
an account has been given by Professor Truscott, who is to be congratulated 
on having written a clear and comprehensive treatise on modem ore dressing 
practice. The book bears evidence of much thought and hard work. Care 
has been taken in the selection of the various appliances, which are well 
described and excellently illustrated. The subject of mineral dressing con-^ 
sists of two parts ; that which deals with the physical principles, and that 
which consists of mechanical details of the machines and appliances used. In 
this book one would like to have seen the physical principles more fully 
discussed, for it is in this direction that greater clearness of thought is needed 
at the present time. It is true that authorities do not yet agree on many 
of these principles.lbut that is a reason for making an attempt to arrive at a 
clear conception of the bases of dressing practice. Probably the desire 
to produce a book of convenient size and yet not to omit any modem appli¬ 
ances has prevented this part of the subject from being more fully considered. 

The subject-matter of the book is arranged in logical sequence, and 
consists of the following sections: introduction; washing and sorting; 
comminution (under which term is included breaking and crushing as well as 
mnding); laboratory, screen, and water sizing; water concentration; 
Station ; magnetic, electrostatic, pneumatic, and centrifugal separations; 
heat treatments ; sampling and control of operations ; dressing systems and 
plants. Crushing is well and carefully done ; also, the sections on clstssifica^ 
tion and water concentration are comprehensive, no important appliuoe 
having been overlooked, llie most noteworthy chapters are those on flota^ 
tion—the new system of concentration referred to above. Tliis subject 
is most excellently dealt with ; the development of the various processes and 
the machines used are well described and tte theory clearly set out. Magnetic 
separation, which from the point of view of theory and forms of separators 
is an extensive subject, might, perhaps,«have been more fully considered. 
The type and illustrations are all that cm be desired, being such as one is 
accustomed to see from this well-known publishing house. 

The book can be recommended with confidence to mining engineers and 
xnetallurgists and particularly to those who are students in tl^se professioni. 

£. CouRTiiaH. 


BOVASVT AXJ> AOBIOVZiTirmB 

Tbs Stoiy s! the Haise Plant. By Paul Wxatrerwax. [Pp. xv + a47. 
with 174 figures.] (Chicago: University of Chicago Press. 

Price 11.75.) 

Tbs outstanding importance of maize as a food and foorage crop has led to 
a great output of literature dealing with the plant from vmioua standpoiiits. 
both scientific and economic, but no concise summary of the morphology of 
the species has hitherto been available. In the volume diicuBsiiOCi 
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^ Mtibor gives an outline of our present botanical knowledge of the maise 
srimt, indicating, in several cases, various controversial points upon which 
Igrther light is needed. The morphological and anatomical characters of the 
Wfknis organs are illustrated by a series of original text figures admirable 
for their clarity and excellent reproduction, and which are probably among 
the best hitherto published in this connection. Following a consideration of 
the general structure of the plant attention is directed to its ecological relations 
and to methods of harvesting and tillage, thus clearing the ground for a more 
detailed exposition of the grain or ** seed/' and leading up to an outline of 
the genetics of the species, with an indication of the possibilities that lie in the 
tetelligent application of the principles of plant breeding. 

An interesting feature is introduced by an account of the part played by 
maize in aboriginal America, its importance being emphasised bv the numerous 
Indian myths associated with it. With the coming of the Mayflower, and 
subsequent colonisation, the maize crop grew steadily in importance imtil at 
the present time the United States produce each year three times as much 
as all the other countries in the world put together. 

This book, with others in the same series, is avowedly written for the 
educated layman as well as for the specialist. Unnecessary details are 
eliminated and technical terms are reduced to a minimum, resulting in a study 
which provides a welcome addition to our literature on the subject, and which 
ilmuld prove useful both to the general reader and to the student. 

W. E. B. 


The Beginnings of Agrionlinre in AnsiericMi. By Lyman Carribr, 

M.Agr., Agronomist, Bureau of Plant Husbandry, U.S. Dept, of Aspric. 
[Pp. xvii + 323, and 30 figures.] (London : Mc&aw-Hill Publishing 
Co., X923. Price X55. net.) 

There is no study more profitable than that of noting the le^cies which 
history has handed down to us, and in recent years agricultural literature has 
been enriched by several worl» dealing with the progress of agricultural life 
in difierent countries. The Beginnings of Agriculture in America is a book 
which, like these others, teems with interest. The author possesses a very 
intimate knowledge of agricultural practices, and this familiarity with his 
subject is responsible for an added interest which the book possesses. It 
might be supposed that such a work would have a relevancy purely for the 
country it concerns, but when it is remembered that the early days of the 
colonisation of America were closely linked up with Eiurope, and with this 
country in particular, the subject is therefore more fascinating. 

The agricultuxul conditions obtaining in the Old World prior to the 
discovery of America are set forth as a means of showing the immense 
influence which the New World had on the agriculture of the Old World. 
Especially interesting is the account of the agricultural activities of the 
iU^rican Indians. The popular conception is that they were a warlike 
people, but they were also well versed in the tilling of the ground and the 
culnvation of crops for their sustenance. They had made greater strides in 
plant breeding than any other mople, and amongst other things we are in- 
^bted to them for maize (Indian com), tobacco, potatoes, tomatoes and 
strawberries. Their cultural methods were similarly well advanced, and 
modem methods such as intertillage and intercropping were then established 
mactices. The subsequent development of the countxy ^ the Spaniards and 
English features largely, and the early agricultural activities in the various 
States are noted in ^tail. 

The book is well written, and can be thoroughly recommended as a sound 
ORpoaitkm of the subject. 


H. C. R, 
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Qaaiitttatlve Afrioutturil Analnii* By Edward G. Marin, Ph.D., ProbRMMr 
of Anal3rtical Chemistry in Purdue University, and Ralph K» CaIiR» 
Ph.D., Professor of Agricultural Chemistry. [Pp. xiii + 3a9 and 
62 figmes.] (London: McGraw*Hill Publishing Co., 1925. Rice 
13s. id,) 

For a long time the increasing practical value of agricultural analysis has 
been reco^sed, yet it must not be assumed that tl^re is any short cut to 
specialisation in pursuit, or that it difiers in importance hrom the other 
allied branches of chemical analysis. In this work the authors have taken 
pains to demonstrate that the fundamentals are the same in all the applied 
sciences, for which reason considerable attention has been paid to foundation 
training. This view concurs with the increasing tenancy amongst agri¬ 
cultural chemists to acquire a thorough knowledge of pure science before 
specialising in purely agricultural matters. 

The book is divided into three sections, the hrst part dealing with General 
Analysis. This includes the theory and general principles involved; the 
means of performing analysis, together with a description and illustration 
of the apparatus employed. The last chapter in this section deals with 
quantitative determinations. 

The second part is devoted to the theory and practice of special measure¬ 
ments necessitated by analytical requirements. These chapters cover specific 
gravity, calorimetry, index of refractioi^ polarimetry, and hydrogen-ion 
concentration. 

The third part deals with the application of quantitative anal3r8i8 to 
agricultural requirements. This is a very wide field, and covers feeding stufis; 
saponifiable oils and fats ; dairy products and by-products ; soils; manures ; 
insecticides and fungicides. These matters have been dealt with in a 
thorough manner, and the book has been designed on very sound lines. 

H. G. R. 


Productive Farming* By Kary Cadmus Davis, Ph.D., Professor of 
Agriculture, Knapp School of Country Life. Fifth edition. [Pp. viii -f 
403 + xxxix, with 252 illustrations.] (London: J, B. Lippincott Co.» 
1922. Price 6 s. net.) 

This is an elementary treatise covering practically the entire field of practical 
farming. Written in the usual American textbook style, it is a work which 
is primarily intended for those who require an introductory survey of all that 
the term farming “ implies. In the U.S. and Canada, agricultural studios 
are included in the curriculum of many of the country schools, which give pupils 
an early interest in matters which prove of value in after-life. This is regarded 
as the best means of preventing the migration of country children to the 
towns and cities, by enabling them to appreciate the advantages which 
country life possesses. This book caters for such schools. 

Much of the text deals with purely North American conditions, is admirably 
written, and possesses the additional value of being illustrated with numerous 
explanatory photographs. The first section deeds with plant production; 
the formation of soils and their management; farm crops, t&ir diseases 
and pests. The second part is devoted to animal production, with a brief 
survey of breeds, management, and feeding. Cattle products are discussed 
in the third part, w'hile the final portion deals with the business and mechuical 
side. It is a book which should prove helpful in farm schools, while the 
exercises included in the text should prove suggestive to teachers* 

H. G. Robzksok. 
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fhi IW il W M Iil of tbo Tm Bndu By T. Pbtch, B.A., B.Sc., Botanist and 
K^Iogist to the Government of Ceylon. xii 4 * aso, with 3 

coloured plates and 69 figures.] (London: M:^.miHan A Co.t 1923* 
Price 205 . net.) 

It is just twenty years since Watt and Mann published their Pests and Blights 
of the Tea Plant, and the great strides made during that period in acquiring 
l^wledge of the diseases of this valuable plant will be apparent from a 
glance through the two books. For much of this advance Mr. Fetch has been 
himself responsible. In the present volume he has brought together the fruits 
of many years of observation and investigation on the Ceylon tea plantations 
and in the Peradeniya Laboratory. To lus personal experiences he has added 
a survey of the work in other tea-growing countries, notably India. Java, and 
Japan, and the whole forms by far the most complete account of the diseases 
^ the tea bush that has ever l^en published. 

The bookis written in popular l^guago. and its aim is stated to be to enable 
the tea-planter to recognise the diseases hitherto recorded in his crop, and to 
take steps to control them when they appear or to lessen the probability of 
their occurrence. This aim is well fulfilled. The descriptions are admirably 
clear and sufficiently full to allow of ready identification of most of the diseases 
mentioned. As the total number of these exceeds sixty, seventeen being 
recorded affecting the roots alone, some assistance is obviously required if the 
planter is to know what he has to fight. The numerous illustrations, especially 
the thirty-one figures in the three coloured plates, are of great help in 
following the descriptions. 

An introductory chapter deals with the dassification of fungi (most of the 
diseases mentioned being caused by this group of organisms), spraying and 
other preventive measures are considered in a separate section^ technical no^ 
and descriptions of the parasites are given in the last two chapters, and a 
bibliography and index terminate an excellent book. 

E. J. Butlex. 


Botany of the living Plant. By F. O. Bower. Sc.D.. F.R.S.. Regius Professor 
of Botany in the University of Glasgow. [Pp. xii + 634. with 48a 
figures.] (London: Macmillan A Co.. 1923. Price 255.) 

The first edition of this volume appeared in 1919 and was ** framed on the 
lines of the annual Course of Elementary Lectures on Botany given in 
Glasgow University." 

The present second edition follows the main lines of the older one. but with 
one very important and a lew minor changes and additions. The important 
change referred to is the inversion of the order in which the Cryptogams are 
considered, the simplest being described first and such descriptions leading 
on to that of the more complex forms. This is the more usual method, and 
its acceptance adds considerably to the utility of the book. Another change 
is that a new chapter is added m which some of the activities of the cell are 
considered, this chapter following after the one in which the structure of the 
cell and the difierentiation of the tissues are dealt with. Another new chapter 
is provided at the end of the first division of the work and this deals m a 
general way with evolution and morphological problems. 

The chapter on sex and heredity might be improved by amplification and 
also by providing more illustrations, the two diagrams after Punnett are not 
in themselves sufficient to enable one to visualise Mendelian segregation. 

Tbit book is simply and clearly written, and provided with numerous and 
snoedent illustrations, a few new drawings being reproduced in this edition* 

E.M.C 
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P«tf ol fhe Oaitai ml Oidiiidt faim and romt By Rav Bia;|itii, 
F.E.S., and W. Pbrcival Westell, F.L.S. [Pn. 413, with 44 
plates, containing 132 illustrations and 3 coloured plates.] (Loudon: 
Henry J. Drane. Price 25s. net.) 

Many of the standard varieties of plants are merely derived from chance 
seedlings, and there appears to have been, until recent years, little attempt 
to obtain new varieties having definite characteristics and conatttutipn. 
More especially is this the case with fruit trees. The breeder of new varieties 
of plants has as his objective a number of qualities of which resistance to 
pests and freedom from disease are often subordinated to other and more 
showy points. One of the most obvious examples is the raising and putting 
into commerce of seedlings derived from the Victoria plum, a most prolific 
variety, but the susceptibility of which to the silver-leaf disease is notorious. 
Only in the case of the potato is there any systematic attempt made to 
classify varieties from this standpoint, immunity from wart disease being 
now of great commercial importance. 

The grower of fruit, flowers, or vegetables is thus faced with the task 
of supplementing the resistance of his plants to their natural enemies and, 
although successful resistance is primarily dependent on a healthy plant, 
this in itself is rarely sufficient. Knowledge of pests and of the correct 
remedial and preventive measures of which use should be made is essential, 
and this book is the practical man's encyclopaedia of the subject. No claim 
is made to any large measure of originality or to technical description; these 
would be out of place in a work which is confessedly a compilation for the 
use of the non-scientific. The identification of injurious insects, fungoid 
diseases, and other evils is rendered easy and sure by clear description and 
excellent illustration, and the necessary treatment is based on the most 
recent scientific work. The arrangement is intensely S3rstematic, and one 
gets the impression that insects, fungi, weeds have been thoroughly card- 
indexed and cross-referenced. The &>ok is divided into parts which deal 
with insects, animals other than insects, fungoid diseases, weeds, insecticides 
and fungicides, and sundry useful information and tables. This is followed 
by a calendar dealing with various spraying operations, a glossary, references 
and indexes, the whole making reference from any point of view a simple 
matter. One or two slight omissions are scarcely worth mention, and the 
sensitive reader may object to the somewhat free use of the split infinitive; 
but, taken as a whole, it is a book to be commended and recommended. 

H. J. E. 


Poisonous Plants of all Countries. By A. Bbrnhard-Smith. [Pp. xii + xt2, 
with 185 figures^ (London: BailUere, Tindall A Cox, 8 Hemrietta 
Street, ^vent Garden, W.C.2. Price 6s. net.) 

It is difficult to imagine any lar^ section of readers to whom this book 
would be of value, ^esumably tte medical man is expected to use it, but 
it hardly seems fair to foist on the innocent medico such a number of 
and botanical inaccuracies. Moreover, any person who has to rely on the 
information here provided is scarcely fit to be entrusted with cases of poisoning 
by the substances described. We suspet the compiler of being at heart 
a literary man, as valuable space has been used for quotations bearing on 
the various plants mentioned which might have been devoted to the buftoesa 
in hand. But that might have provided more opportunities for oomip 
chemistry. 

H. I E. 
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flttif mA tmiU Hiliip. By Sir Ray Lakkbstbr, K.CB.« F.R.S. zi 
+ 2^6, with 38 illustrations.] (London: Methuen Sc Co. nioe 
7s. 6d. net.) 

Gf$ai and Small Things is the latest addition to the Easy Chair Series of works 
cm Natural Science by Sir Ray Lankester, our greatest living interpreter and 
clearest expositor of Biological Science. The variety of subjects on which 
he discourses in his own peculiar lucid style covers a vast range. Passing 
from the baby gorilla of Sloane Street, he suddenly introduces the reader to 
phagocytes, then to the pond-snail's dea, the liver-fluke and wasps, then goes 
cm to discuss the senses and sense-organs, longevity, the morphology of 
monsters and tobacco. 

In the chapter “ Is Nature cruel ? '* Sir Ray Lankester tells us that pain 
is mostly short and sharp and of a directive and protective character," and 
that it is the benefloent guide of the development of sentient beings." 

The peculiar habits of gorillas beating their chests when frightened or 
excited has been described quite recently by Alexander Bams in his admirable 
book The Wonderland of the Eastern Congo. In it the author describes the 
noise made by the adult male gorilla which he surprised in the forest as 
follows: "It started with an indrawn whine, which quickly increased in 
volume until it broke out into a hoarse grunt, accompanied by a heavy 
resonant clopp-clopp-clopp. I had of course heard of both the gorilla and 
orang-utan beating their chests to frighten away an intruder, but when 1 
first listened to this extraordinary * clopping * noise, I scarcely realised that 
it was being made by the great ape beating his chest." 

R. E. Drake-Brockman. 

A Kifiiralist’s Holiday by the Sea. By Arthur de Carle Sowsrby, 
F.R.G.S., F.Z.S., M.B.O.U. [Pp. xv -f- 262. with 20 plates and 21 
diagrams.] (London: George Routledge & ^ns; New York: £. P. 
Dutton Sc Co., 1923. Price 75. 6d. net.) 

This is a holiday book and its aim is to interest the visitor in his surroundings, 
.—in this case the area round Penzance, where a great deal of information is 
collected on a large variety of subjects, making a readable book which will 
be wpreciated by all those who visit Cornwall. 

'!l^re is an out-of-door atmosphere about the whole work, and it is easy 
to see that the author is a bird lover, and the chapters on the sea-birds are 
perhaps the best pkrt of the book. Surely, however, the cormorant at least 
may be allowed to be common on the East Coast. Any visitor to Northumber¬ 
land knows how common these are in the neighbourhood of the Fames. All 
the notes on the gulls are interesting, and we find that, whilst it is stated that 
the Kittiwake is very common and nests on the clifls, the Black-headed Gull, 
80 firequent on the Devonshire coast, except at the breeding season, is dismissed 
as only a winter visitor, which seems to indicate that it is never much in 
evidence. 

The story of the life-history of the eel stops at information received in 
1920, and makes no reference to the successful conclusion of Schmidt's last 
expedition, which returned in 1922. Up-to-date information is also lacking 
elsewhere, s.s. in the chapter on Whales which, according to the author was 
prompted by the stranding of " a large herd of Pilot Whales in Mount's Bay." 

the remark (" no doubt the event was duly reported in the papers ") 
Suggests that reference had not been made to the &itish Museum Publicatioii 
Report on Cetacea stranded on the British Coast, by Sir S, F. Harmer, of which 
eighth report has just been published since instructions were issued during 
I9ta lhat the stranding of whales should be reported by telegram to the 
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Muaeum. These records show, contrary to the author's statement, that at 
least two specimens of the hmtr Rorqual {Balanopiera acutot^sir^} have 
been stranded on the Cornish coast. p. Z57 of Notes on these stranded 
whales (P.Z. 5 ., 1918) we read of ** A school of about 50 individuals of the 
Blackhsh or Pilot Whale (Globiesphala melana, Traill) which were stran^d 
at Penzance on July i, xgii." 

The nomenclature and descriptions of the whales are somewhat loose, and 
this applies also to some of the other groups dealt with, and as is inevitable 
in a work with so large a scope there are certain inaccuracies and misleading 
statements. Misprints abound, the same word being spelt in two different 
ways in adjacent paragraphs. 

The figure on p. 29 of the calcareous tabes of an annelid on a Pecten shell 
which are named Serpula vermicularis seem undoubtedly to be Pofftak>c§ros, 
another very common serpulid which is distinctly ridged and lies flat on stones 
and shells. It is also somewhat doubtful whether the small specimens of the 
Edible Sea-urchin {Echinus esculenius) " in the tock-pools, are correctly named. 
E, miliaris, a smaller and flatter species, is known to occur there between tide** 
marks, E, esculenius usually living farther from the shore in deeper water. 

The statement that ” Gastropods are mainly carnivorous is surprising, 
as by far the larger part of the shore forms dealt with are mainly plant 
eaters—limpets, periwinkles, and, to a large extent, topshells, all browsing 
on the sea-weeds growing on the rocks where they live ; Purpura, Buccinum, 
Nassa, Murex, and Natica, as he states, being truly carnivorous. 

Unfortunately, there is no index, and a few references to l^ks such as 
Percy C. Lowe's Our Common Sea Birds would greatly improve the work. 

M. V. Leboux. 

The Animal and its Environment. By L. A. Borradailb, Sc.D., Fellow and 
Tutor of Selwyn College, Cambridge. [Pp. vii + 399, 426 figures and 
plates.] (London: Henry Frowde and Hodder & Stoughton, 1923, 
Price 185. net.) 

This is a very interesting book on the relations of individual animal organisms 
to their surroundings. It is profusely illustrated—in some cs^es there are 
many illustrations to bring out facts stated in a few lines. From the point 
of view of the professional zoologist much of the material is familiar, yet one 
could wish that, when one was a student oneself, such an attractive book 
existed. Even without text, the figures and their explanations are splendid, 
and Dr. Borradaile manages to bind all together by means of a readable story. 
On all the subjects he mentions he has something interesting to say. 

J. BRONTfi GaTENBY. 


The Evolution of Man. By R. S. Lull and Others. [Pp. x + 203, with 
27 illustrations]. (New Haven: Yale University Press; London: 
Humphrey Milford, Oxford University Press. Price 15s. net.) 

This book is based on a series of six lectures delivered at Yale University 
in the year 1921-22, and is a continuation of The Evolution of the Earth 
and its Inhabitants, which book was based on the lectures of Z9Z6-Z7 at 
the same University. The book is, accordingly, divided into six chapters. 
The first, by Prof. R. S. Lull, sets forth the palaeontological evidence for 
the evolution of man. Prof. Lull adopts the view that Asia is the birthplace 
of mankind. He gives a brief rleum6 of the discoveries of the actual oiseoua 
remains of prehistozic man which have so far come to light. 

Chapter ii, by Prof. H. B. Ferris, gives in detail, largely from the ana¬ 
tomical and embryological standpoints, some of the evidezxce for evolutloii 
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which is to be found in the develdptuent and structure of present-day man. 
The illustrations in this section are particularly good. 

Chapters lii and Iv, by Prof. G. H. Parker and J. R. Angdl respec- 
tively» deal with the evolution of man's nervous system and of his intelli¬ 
gence. 

Chapter v deals with the evolution of society. Prof. A. G, Killer does 
not seem to like altogether Spencer's famous analogy of Society and '' an 
organism/' The last chapter, in which Prof. £. G. Conklin discusses the 
trend of evolution, contains one point, at any rate, which we feel we cannot 
leave undiallenged. Prof. Conklin accepts R. Pearl's statement that within 
200 years the American population will have reached its maximum of about 
200 miUions. Now it seems to us quite absurd that a nation with the rich 
and varied resources of America, and whose area Is—if we remember rightly 
—at least twenty-five times that of the United Kingdom, should only be 
able to support a population about four times as large. But perhaps Prof. 
Conklin (or Mr. Pearl) believes the derelict farmlands of the Eastern States 
to be uninhabitable. 

C. C. R. 


jjrcs&opoXiOOT 

Anoient Man in Britain. By Ronald A. Mackenzie. [Pp. xv + 257, 
with 17 plates and other illustrations.] (London: Blackie & Son, 1922. 
Price Z 25 . fid. net.) 

The science of prehistoric archaeology, like the Christian faith, sometimes 
suffers from the unrestrained enthusiasm of its supporters. Mr. Ronald Mac¬ 
kenzie has written a book which, as he informs us in the preface, deals with 
** the history of man in Britain from the Ice Age till the Roman period." The 
author, however, does not confine his remarks and conclusions to this short 
period of human history, but indulges in speculations regarding the earlier 
sojourn of mankind upon this earth. It is unfortunate that Mr. Mackenzie 
should state (p. 17) that " Breuil and others place the pre - Chellean, 
Chellean, Acheulean, and Early Mousterian stages (of man's development) 
in the Third Interglacial epoch," and proceed to claim that such a view is 
now being generally accepted. The exact reverse is the case, as the author 
would have known had he read the latest literature upon this question. 
The omission, too, in any book dealing with ancient man in Britain, of any 
reference to the now very widespread belief, amongst archxologists, in 
the existence of man in England in the Pliocene period is to be regretted. 
Mr. Mackenzie has,' it would seem, used the few facts known as to the 
Aurignacian and later races inhabiting this country in ancient times as pegs 
upon which to hang his views and opinions upon philology, ethnology, 
and kindred subjects. These views, in themselves, are interesting 
suggestive, and will be appreciated by many readers; but it must be remem¬ 
bered that, at present, so far as they relate to the actual discoveries of 
archaeologists, they are merely suggestive inferences, and not facts to be used 
in the slow building up of a very complex and difiicult science. It is necessary, 
also, to point out that Mr. Mackenzie is, in all probability, incorrect in 
imagining that the Aurignacian cultural phase is post-glacial in England* 
as mere is in existence caurefuUy sifted evidence tending to show that very 
cold conditions, accompanied by an arctic flora, obtained in the Eastern 
Counties in Ma^alenian times. AncUn$Man in Britain is well and learnedly 
written* and is illustrated by good* but not over-numerous plates and line- 
drawing* and though it has seem^ necessary to aoimd a note of warning 
tefanling the advisability of accepting many of Mr. Mackenzie's tbeozieB* 
yet they are stimulating* and afiord pleasurable reading. 


J. Rsid Mom. 
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lledliaiiloil Teitiiig. Vol. IL, Tasting ol Prims Movan* Mittlnas, Stiim- 
toras* and Engineering Appasatos. By R. G. Batsoh, ^.Xn8t.C.£«. 
MJ.Mcch^E., and J. H. Hyde, A.M.Inst.C.E., M.LA.E., Aill.LMech.E. 
[Pp. ad + 446, with 3x3 illustrations.] (London: Chai»nan A HaU^ 
X922. Price 255. net.) 

This volume covers the mechanical testing of finished parts of machinee and 
engines as distinct from the first volume, which deals with testa lor strength 
of the various parts. 

The authors state that prominence has been given to certain details 
upon which to a great extent the accuracy of a gear depends. This matter 
is all-important, especially to the technical en^neer and manufacturer^ 
who, in devising some new test^ have generally too little experience in ttandaxd 
test methods outside their own particular branch, so that to have the 
experience of two experts in this matter in so concise a form is undoubtedly 
of great assistance. 

There are few books attempting to cover the ground of this one, so that 
in view of its quality it should become universally popular. 

The second volume commences with a discussion on various dynamometers, 
of absorption, solid and fluid friction, transmission and traction tynes. 
Following this is a section on lubrication, also friction of bearings and beltitig. 
In chapter xiii are found descriptions of the standard machines for vibration 
tests and in natural sequence, the next chapter is devoted to balancing of 
rotating parts. Two chapters are given to testing of slabs and beams in 
concrete, followed by one on columns and struts. One of the most valuabte 
chapters is that on measurements of movements and stresses. Some of tha 
apparatus described here could be well applied to the analysis of vibration 
troubles in machines such as turbo-alternators. Tests on cutting tools are next 
given, a considerable amount of original work being discussed, as well as stan* 
dard tests. Apparatus for pressure tests is dealt with in chapter xx, whUit 
chapter xxi gives a good account of gear used in tests of aircraft models. 

^e authors in writing such a text have certainly had a difficult probiani 
before them, that of describing a considerable number of standard machinst 
and tests, yet keeping the work from appearing like a collection of mana* 
facturers' catalogues. 

The work is very free from errors, although eqn. (4) on p. 378 is obviously 
incorrect. A number of references to original investigations is quoi^ at 
the end of each cliapter. 

Great regret is felt, in reading this concluding volume, that the authors 
have adhered so rigidly to their title '* Mechanical Testing,'* excluding even 
the elements of microscopic examination of metals, so valuable in conjunction 
with mechanical tests. 

The excellence of the treatment makes it desirable, therefore, that at an 
early date the authors add a volume covering such work as hydraulic, and 
engine and boiler testing. 

B. Lloyd-Evans. 

Elaofarons, Eleotrio Waves, and Wirdess Teleiffiony. By J. A. Flbmimo, 

M.A., D.Sc., F.R.S. [Pp. iv -|- 326, with 112 illustrations.] (London: 

The Wireless Press, Ltd., 19*3. Price 7s. 6<f. net.) 

Thb popularity of radio-telephony as a scientific hobby has been responsilde 
for the production of a considerable amount of literature, dealing with both 
the practical and theoretical aspects of the subject. Among such publicatiOtti 
Prof. Fleming's book deserves to take a very prominent, if not the foremoit, 
place. Those who heard and enjoyed the Christmas Lectures at the Royal 
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Institution in Jlinuary 1922 will all that fascinating material presented 
ahresh^ with co^derable additions. 

A wealth of^scientihc ideas, the book is presented in a most attractive and 
readable fashicsil. Nothing is left out, from the classical theory of wave motion 
to the conceptions of Planck, Rutherford, and Bohr, which is necessary for 
a complete und^tanding of the physical mechanism of wireless." 

Ateut two^thirds of the book is taken up with the development of these 
fui^damental Meas, and the remaining third with the technical exposition of 
wireless telej^ony. Students of Physical Science could with advantage use 
the book as a kind of ground plan on which to build their studies of Modern 
Physics, while the genuine amateur of wireless will find it a splendid intro¬ 
duction into those extensive regions of thought and practice, where his hobby 
leads him. 

Of the actual discussion of wireless telephony, let us say how thankful 
we are that it is really so simple after all, for here we have it, on the authority 
of a distinguished pioneer, stripped of the complications with which it is 
usually associated, and witliin the grasp of those whose relations with science 
consist in having " done a little chemistry at school years ago." 

R. C. Richards. 


ling Ollirls for Engineers. By W. N. Rose, B.Sc. [Pp. xii + 95.] (London 
Chapman <& Hall, 1923. Price 6s. net.) 

Thr value of nomographic methods of handling desi^ and other formulae, 
in daily use by the engineer, is now fully recognised. The nomogram 
materially reduces the time and labour of arithmetical computation, and also 
the chances of error. 

There has in consequence, during recent years, been an increasing demand 
for readily understood information regarding the principles and design of 
nomograms, by a considerable number of engineers, who have found the 
original mathematical treatise of d'Oeagne too advanced in treatment to 
be of much use to them. Several smaller books have been written to meet 
this demand. Tlie volume in question is the latest, and gives probably the 
simplest explanation that has yet appeared. 

In the ordin^ run of engineering formulae three or four types of nomo^am 
are suffiicient. The principles and methods of construction are comparatively 
siibple and do not require a knowledge of advanced mathematics. In Lins 
Charts for Engineers the author has bought out this point clearly. In the 
preface it is stated, " .All that can be done is to indicate on broad lines how to 
adapt a formula for representation on a cheurt and to show how the chart can 
most easily be built up. The object of this present work is primarily the 
latter." The author might have gone a little further, and given a section 
dealing, in general terms, with the important subject of the " type ** equation. 
A knowledge of this is essential for a beginner, in order that he may not waste 
bis time at&mpting impracticable constructions. 

Six type equations have been given in the summary in Col. H. K. Hexlet's 
admirable pamphlet on the subject of "nomography "; and in a second 
edition the inclusion of these would enhance the value of the book* Also, 
there seems to be no reason why the ordinary functional notation, /(e), F(y), 
etc., should not be used. There is nothing mysterious about thm symbols 
after a definition of their meaning is given, and their use is conducive to clear 
and concise explanation. 

The work is divided into four chapters. The author first deals with the 
oonstruction of functional scales, and the treatment should give the engineer 
a clear idea of this fundament^ element of the nomogram. The type of 
nottu^am witfi rectilinear axes carrying natural scales is next dealt with, and 
tlMi algfsbraJcal expressions for the derived scale values are worked cut. 
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This section is followed by a discussion of the important type of nomogram 
with the rectilinear axes canrying natxiral scales and one curved axis. The 
author states that the chief disadvantage of this form " is the large amount 
of calculation necessary for the graduation of the curved axis/’ 

While it is desirable that the designer should know how to locate the 
points on the curved axis by calculation of co-ordinate values, it is, as a rule, 
unnecessary to calculate them. The curved axis and points thereon can be 
obtained directly by cross alignment from the scales on the parallel axes. 
This condition, in fact, holds for all types of alignment charts. When the 
beginner has mastered the method of construction of the function scale, and 
recognises from the type equation what form the nomogram will take, his 
real difi^culty is the choice of scale values and lateral disposition of the axes, 
to obtain a nomogram which will read to the degree of accuracy required. 

The location and graduation of the tliird axis follows mechanically by 
alignment, and no calculation of co-ordinate values is necessary. 

The remaining section of the book deals with the t)rpe of nomogram with 
rectilinear axes carr3ring logarithmic scales, the treatment being similar to 
that of the first section. The value of the ordinary slide-rule scale, which 
can be ticked off on a strip of paper and used directly for graduating the axes 
is not mentioned. Another point not touched on is the complete scale 
graduation of an axis, after the main divisions have been carefully located by 
calculation. The laljorious arithmetical work often necessary can be greatly 
reduced by plotting a graph with the scale axis as base, and projecting the 
intermediate divisions from this graph, to the scale axis. This method can 
be ^plied to any form of unequally divided scale. 

The text is clearly written and illustrated by a considerable number of 
worked-out examples. 

It can be confidently recommended to students and others who desire 
information regarding the design and construction of nomograms. 

Elaotrioal Engineering Laboratory Experiments. By C. W. Ricksr, S.B., 
S.M., M.E.E., and Carlton E. Tucker, S.B. [Pp. xiv ■+• 310, with 
138 diagrams.] (London: McGraw-Hill Publishing Co,, Ltd., loaa. 
Price11r.3d.net.) 

Thb aim of the authors appears to have been to produce a treatise having as 
wide a field as possible for general electrical laboratory work and at the same 
time to explain thoroughly the elementary propositions on which all such later 
work is ba^d. 

From the table of contents the volume will be seen to cover the syllabua 
of laboratory work required of candidates in electrical engineering for 
B.Sc. (Eng.) London or graduated evening school courses of the technical 
Institutes. With so much ground to cover the authors may be forgiven for 
quoting many methods of measurement without proof. 

This drawback is minimised by the copious references that are given. 
These, however, are in most cases to American publications and this is a 
disadvantage to English readers. 

Although of American origin, the book is international in character, and 
no difi^culty is found due to amlfiguous statements giving wrong impressiosit. 

Mathematical treatment of problems is limited to a and if 

undoubtedly an advantage in such a publication. It is the experience of 
most demonstrators that, at the commencement of a course, the contemporary 
mathematical knowledge of students is alight. Hence they axe discouraged 
by the apparent difficulty of the electrical problems, and their worksuffm 
in consequence, 

The preliminary chapters are a r^sum^ of methods of measurement, losses 
in instruments, and the application of bridge methods to the measurement of 
resistance, capacity, and inductance. This is followed by a sequence of 
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0ipariment8 cm IXC. machine characteristics succeeded by a chapter cm the 
determination candle power amd the rating of incandescent lamps* 

The A.C. si^on is introduced by a consideration of the properties of 
circuits contalhibg inductance and capacity passing on to the general testing 
of A.C. machiii|^ both static and rotary, concluding with a chapter on the 
mercury arc rtict^r. 

Each expe^d^ent is preceded by a description of what is to be attempted 
and followed )by a summaury of the results required. 

It is to be*regretted that an index to subject-matter is not provided, but 
the work certldnly bears out the statement in the preface. " This book is the 
result of an sanded period of growth and experience.** 

A, N. Jacksom, 


VXMSXJbAVSOirS 

Ohabs or Oosmos P By Edgar L. Hurmancb. [Pp. xxi + 358.] (New 
York: E. P. Dutton & Co.. 1922. Price I3 net.) 

In this book we find another attempt to solve the riddle of the universe. 
The author asks whether ** the world in which we live is a chaos, a welter 
Of blind forces and brutish passions.** or whether it is ** a co-operative enter¬ 
prise, through which man and God are slowly working out an order of justice 
and brottohood.'* and he proves, to his own satisfa^on at any rate, that 
it is the latter. Whatever view we may take of the contents of this volume, 
there is no doubt as to the author's great courage in tackling his tremendous 
task, for it is not everyone who would care to give a complete exposition 
of the universe in under four hundred pages t Unfortunately, such an 
attempt infallibly gives rise to many errors and dogmatisms. To start 
with, it is only fair to say that Mr. Hurmance bases his inquiry on the 
Christian S3r8tem of ethics, which he tests by means of applying it to the 
universe so far as we know it to-day. There is. therefore, nttie or nothing 
which can be called new in the way of scientific knowledge. 

Thb first part of the book is devoted to the problem of the universe 
as a whole, and the author seeks to destroy physical materialism by means 
of the new ph3r8ics. with its electrical explanation of matter. He does 
not touch the problem of personality, which he hopes to discuss in a later 
volaiue. Mr. Hurmance rejects the possibility of there being other habit¬ 
able planets, though we cannot see how this really afiects 1^ main argu¬ 
ment. 

The second part deals with the question of the individual, and discusses 
the relative merits of Monism and Pluralism, while the third deals at some 
lengtii with the morality of the universe, and is divided into three sections 
—^i^vidual relations, industrial relations, and national relations, of which 
we think the second the most valuable, 

C, C. R, 

BlWSttn Cbaraoter* By Hugh Elliot, [Pp. xvi + 272.] (London: Long¬ 
mans. Green & Co.. 1922. Price 75. 6 d. net.) 

Air attempt to analyse human character must of necessity be a difficult task. 

writers—some of the highest order—^have tried to construct a science 
ef mman character, but all attempts have been abortive. Whatever view, 
thwi^fore. we may take of Mr. Elliot’s work, we must recognise the admirable 
ifsay in which he has given us a presentation of his views. 

Rsrhaps the chief of the conclusions he comes to is that character and 
depend on diderenoes of emotion rather than of education or in- 
Mr. Elliot beMeves that the existence of the human race depends 
M lihat he calls the three major passions—^Ism. which enables the indivi- 
dMItesnrvive; love, which enables the species to be perpetuated; and the 
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m>cM. and mond instinct which maintains aodsty. But baaldas these major 
passions there are many derivative passions, and to each o| Ihese Bfr. Elliot 
devotes a chapter. One ol the most interesting of these dmptem deals with 
the relation l^tween genius and disease, while another deals with a new 
feature of diaracter which the author names ** bovarysm/* a name derived 
from Flaubert’s famous novel Madame Bovary. 

A few statements, such as ” among the higher races there is now a 
tendency towards baldness of the head, and the tendency is most noticeable 
among individuals whose mental development is highest,” seem rather far* 
fetched. We were under the impression that abundant head and body hair 
was a characteristic of the highest as well as of the lowest of races of ma n ki n d. 
We should have thought baldness to be due to the wearing of headgear, 
worry, etc. 

C. C. R. 

The Biology of Death* By Raymond Pearl, The Johns Hopldns University. 

[Pp. 275, with 64 illustrations.] (Philadelphia: J. B. lippincott 

Company, 1922, IMce ros. 6 d. net.) 

This book is one of a series of Monographs on Experimental Biology which 
the publishers are bringing out, and in it the author discusses the present-day 
state of our knowledge of the answers to the following questions which occur 
on p. 21: 1. ” Why do living things die ? What is the meaning of death 
in the general philosophy of biology ? ” 2. ” Why do living things die when 
they do ? What factors determine the duration of life in general and in 
particular, and what is the relative influence of each of these factors in pro¬ 
ducing the observed result ? ” 

The author presents to us the answers to these questions provided by 
inquirers in the various flelds of general biology, experimental biology, vital 
statistics, and actuarial science. Naturally, as the author is careful to state 
in his preface, the book is intended rather to stimulate the reader to further 
incursion into the literature of the subject, than to satisfy immediately to the 
full his desire for knowledge. To this end a useful bibliography is attached. 

The first part of the book consists of a discussion of the nature of the 
problem considered, and an indication of the lines along which theories of 
death have developed. He then proceeds to the subject of cellular im¬ 
mortality, and discusses the result of biological researches on these Uned. 
The next part of the book is concerned with'the Life Table, a brief account 
of its history, and an interesting comparison between the general information 
obtainable from modem Life Tables and that obtainable from Life Tables 
which were constructed some years ago, from figures relating to samples 
from populations of two thousand years ago. 

T^ author then proposes a grouping of the causes of death according to a 
biological classification, and shows how the life Table will then indicate the 
relative importance of the diflerent organ systems of the body, when we 
inquire which organ system, by its breakdown, is more responsible for death, 
at diflerent ages and for the sexes. Thus far the author hsa obtained cartaiti 
answers to his questions. He sees that certain cells of the body may be 
considered, in a sense, immortal, and that the more developed cellular syattma 
are liable, by their breakdown, to lead to the breakdown of the whole body; 
and his Life Tables have shown which are the more vulnerable organ syatema. 
He proceeds to the consideration of the possible methods by which this 
apparently inevitable breakdown may be avoided, and immediately is led 
to the discussion of longevity as an inheritaUe character, quoting in favaur of 
this the results of statistical researches into Family Re^rds, a^ the mnlts 
of experimental researches in the duration of life of certain flies. ,As a 
corollary, he discusses the eflect of Public Health activities as measux^ by 
Death Rate Curves, and although led to the conclusion that one o| the 
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UtrongeBt elements determining the duration of life of human beings is 
inberitanoe, yet he realises the importance of Public Health activity—in 
1^ oviftk words, ** Vhaien based upon a sound foundation of ascertained fact 
it Public Health work) may, and does, proceed with a step as hrm and 
inexorable as t^t of fate itself, to the wiping out of preventable mortality ** 
(p. 238). 

One reads this book with great pleasure, because the author has co¬ 
ordinated in one small volume a bixti*s-eyc view of the results of workers in 
many fields of inquiry. It is often difficult for individual workers in adjacent 
fields to appreciate the work of neighbours, because the results are sent to 
different markets, and often the workers use an entirely different scientific 
language. The aisthor should certainly achieve his purpose in causing the 
reader to pursue further researches independently. 

£. C. Rhodbs. 


Haps and Survey* By A. R. Hinks, M.A., F.R.S. Second Edition. 

[Pp. xvi + 258, with 26 illustrations and 26 plates,] (Cambridge: 
at fhe University Press, 1923. Price 12s. fid. net.) 

Mr. Hinks's book on Maps and Survey is now so well known that in a review 
of the second edition it is scarcely necessary to do more than mention the new 
features. 

Following the procedure adopted in another book by the same author, 
the text of the old edition remains practically unaltered. A chapter has been 
added containing additions and corrections. Some small corrections which 
are included in the list appear to have been already made in the text, which 
is a little confusing to students (e.g. on p. 129 and p. 173). Many of the 
corrections and additions are important, and it is to be hoji^d that the author 
will soon be allowed to prepare a completely new edition, according to the wish 
expressed in the preface. 

There is also a ** Further Chapter on Maps,** which contains many matters 
of interest and importance to geographers. On this part of the subject, 
especially, the book is full of useful notes and suggestions, and if one may 
venture a little criticism, it seems a pity that the chapters dealing with 
surveying are comparatively sketchy, particularly with regard to the astro¬ 
nomical work. Doubtless, however, this was unavoidable from pressure of 
space. 

The remaining new chapters are devoted to " Maps and Survey in War ** 
—(one almost grudges the space devoted to this, though the chapter is 
interesting enough)— and “ New Methods of Survey,*' which contains notes 
on mappi^ from photographs, and very interesting articles on Stereoscopic 
Plotting. 

The appearance of the new edition is most welcome, and there is no doubt 
that the added matter has given additional value to an already good book. 

M. T, M, O. 


BMSfohitUmof (hmsdoim By A. Wyatt Tilby. [Pp. 256.] (London; 

T. Fisher Unwin, 31922. Price 15s. net.) 

This work is a somewhat ambitious attempt at a very comprehensive 
philosophy. The subjects discussed range from the development of the senses 
and the intellect and the basis of memory to the foundations of ethics and social 
tnetitutioiis and developments of the idea of Ck>d. The arguments are 
presented in a persuasive manner and with very considerable literary ability 
and charm. Yet, it is to be feared that the book will satisfy neither the 
chemist and biologist to whom it especially appeals, nor the philosophers, 
ihe general point of view may be described as a sort of scientific naturalism 
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which regards the phenomena of life and mind as a series of successive 
increases in the concentration of energpr within a growingly complex s^tem. 
But the difficulties inherent in such a view are dismissed much too lightly, and 
the argument is only plausible, because terms like "life/* " will/* " choice/* 
• * purpose/* and the lilw are used without any really seriousettempt being made 
to explain their nature in harmony with the view that would reduce everything 
to forms of energy of material systems. Is the author really entitled to say 
(p. 73), in the present stage of our knowledge, that consciousness is a ptiiely 
chemical phenomenon, or even that one can ascertain in any desired instance 
the chemical elements of which any particular form of life is compounded ? 
And is it in any way illuminating to say of consciousness that it is ** the 
sensitised and concentrated essence of an organism *' ? The arguments adduced 
to demonstrate the ** chemical nature of consciousness ** are all based on the 
empirical facts of the dependence of consciousness upon the chemical condition 
of the living organism, but concomitant or dependent factors of a system are 
not necessarily identical in nature, and no one has as ytt succeeded even 
** theoretically *' in expressing consciousness itself ** as a chemical equation ** 
(P* 75)* *^1^ metaphysical position of the book is highly disputable, and 

certainly insufficiently argued, yet as an individual expression of a point of 
view the work is interesting and the arguments are presented in a fresh and 
vivid way. 

Morris Ginsberg. 

Xraoiatns Logioo-Philofophious. By Ludwig Wittgenstein. With an 
Introduction by Bertrand Russell, F.R.S. [Pp. 189.] (London: 
Kegan Paul, 1922. Price los. 6d.) 

Mr. Wittgenstein seeks in the symbolism of language a guide to philosophic 
orientation. Language is somewhat like geometrical projection ; just as a 
figure in space may be projected in different ways without altering the 
properties of the original figure, so a fact may be described in different ways 
without affecting the fundamental relation between the fact and the descrip¬ 
tions. Propositions are either elementary or constructed from elementary 
propositions. The way in which a proposition represents facts varies. The 
gramophone record, the musical thought, the score, the waves of sound, all 
stand to one another in that pictorial internal relation which holds between 
language and the world.** 

The following may serve as an example of the author’s aphoristic method: 

** From an elementary proposition no other can be inferred." 

' In no way can inference be made from the existence of one state of 
affairs to the existence of another entirely different from it.’* 

lliere is no causal nexus which justifies such an inference.*' 

The events of the future cannot be inferred from those of the present.*' 
Superstition is the belief in the causal nexus." 

Such dogmatic utterances are not very illuminating. The author, indeed, 
does not appear to believe in the possibility of philosophical explanation. 
" Most propositions and questions that have been written about philosophical 
matters are . . . senseless." Presumably no such elucidations are necessai^. 
" The deepest problems are really no problems/* Apparently, the 
purpose of this oracular treatise is to make people somehow see the world 
rightly in a kind of mystic vision. Philosophy, according to Mr. Wittgenstein, 
is essentially such a vision. 


A. Wour, 
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RECENT ADVANCES IN SCIENCE 

VmUB KATXSIEATIOS. By F. PuRVBit White. M.A.. St. John’s 

College, Qunbridge. 

History. —G. A. Miller {Scimtific Monthly, 17 t 1923, 216-28) 
makes more interesting and useful remarks upon the difficulties 
of ensuring accuracy in an account of the development of a 
branch of mathematics. 

The current number of the Acta Mathematica is a part of 
vol. xliii, but vol. xxxix has not yet been completely published. 
Parts I and 2 have recently appeared (1923) and contain three 
articles dealing with the development of mathematics in the 
nineteenth century. G. Mittag-Leffler {^Acta Math,, 88 . 1923, 
1-57) prints a lecture given in 1916 to the fourth Scandinavian 
Mathematical Congress on the first forty years of the life of 
Weierstrass, which is full of interesting personal details besides 
being of great value for the history of the theory of functions. 

The second article is part of an unpublished memoir by H. 
Poincar6 on the Fuchsian functions ^ibid., 58-93). If /(*) and 
^{x) are two integrals of a linear differential equation of the 
second order and we put a * f{x)l<l>{x), then Fuchs noticed that 
under certain conditions x is a meromorphic function of e. 
Poincard received Fuchs’s memoir at the beginning of May 1880 ; 
the direct result was the paper now printed, which was sent to 
the Paris Academy on May 28, 1880—an example, as the 
editor points out, of the extreme rapidity with which Poincard 
worked. He proved that Fuchs’s conditions are not sufficient, 
and then, taking the two cases in which (i) the integration 
can be performed with the help of the doubly-j^riodic functions 
and (2) the differential equation has only two finite singular 
points, he developed the general theory of the functions to 
which he attached the name of Fuchs. 

There follows {ibid., 94-132) a correspondence between 
Pbincar^ and Klein on the subject of the automorphic functions. 
It begins in June 1881 with a letter from Klein, and it comes 
to an end fifteen months later owing to Klein’s illness. N. £. 
NAriund adds a few notes and references which enable one to 

*3 345 
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follow more easily this most interesting chapter in the history 
of mathematics. 

Finite Groups. — K group is said to be the direct product of 
two sub-groups which generate it, provided that the two 
sub-groups have only the identity in common and that every 
element of the one is comrhutative with every element of the 
other. If now a finite group can be expressed in two ways as 
the direct product of undecomposable groups, then the number 
of factors is the same and to each factor of one decomposition 
corresponds a factor of the other centrally isomorphic with it. 
This theorem was enunciated by Maclagan Wedderburn in 
1909, but was first completely proved by R. Remak {Crelle, 
IM, 1911, 293-308 ; see A. Speiser : Tkeorie der Gruppen von 
endlicher Ordnung, Berlin, 1923, p. 88). In 1913 Remak gave 
another proof based on the methods of Wedderburn ; he now- 
points out (Crelle, 168 . 1923, 131-40) that this is defective. 
He proceeds to fill up the gap in the argument and also to give 
a third version. 

G. A. Miller (Trans. Amer. Math. Soc., 84 , 1922, 70-8) 
investigates the I-conjugate operators of an Abelian group— 
two operators being called I-conjugate if they correspond in at 
least one of the possible automorphisms of the group. He 
determines how many sets of I-conjugate operators there are 
in any Abelian group and how many operators are found in 
each of these sets. 

Algebraic Numbers. —^The concept of the absolute value or 
modulus of a number, real or complex, is capable of application 
to any algebraic field. To any element a of the field K is 
co-ordinated a real number |I a |1 > o, satisfying the following 
conditions ; 

I. IIoil =0, and for a+o, I|a||>o,* and there is at least 
one element a for which 1 | a || 4 i. 

2- llai|l = l|o|l.PI|. 

3. Ill + a||--^ I -I- l|a||. 

II a II is called by Kiirschik (Crelle, Itt. 1913, 211-53) the value 
(Bewertung) of the element a, and the field for which such a 
co-ordination has been established is said to be valued (bewertet). 
It follows immediately that II a/i |1 =» || a ||/| 16 1|, for 6 + 0; 
||-a|l= Hall, and |la + i-hc+ . . . || ^ 1 | a H-t-Hi H-t-H c|| + . . . 
If instead of condition 3 we have_ 

3 . If 11 a II < 1, then || i d- a |1 < i, we have a non-Archi- 
metkan system of values ; this case has been discussed by 
A. Ostrowski (Acta McUh., CL. 1917, 271-84). In this case 
we have— 

ll« + i + f+ ... 11^ Max(|la||, Hill, lldl . . .). 
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We can now define the limit of a sequence and convergent 
secjuences in a field K, on the lines of the ordinary Cantor theory 
of irrational numbers. A sequence of elements of K, Oi, aj... 
has for limit the element a of K if it is possible for any real 
positive number e to find a positive integer N such that for 
any n> N we have ||a,--a|l<<. A sequence is convergent 
if for any real positive e we can find a positive integer N such 
that II «,+*- On II <« for all integers n > N and for all positive 
integers k. 

In the non-Archimedean case there is a simplification. It 
is sufficient for the convergence condition to be satisfied for 
A — I. Hence the infinite series + . . . + . . . is con¬ 

vergent in a non-Archimedean field if, and only if, lim 

If a sequence have a limit it is convergent; but it does not 
follow that every convergent sequence has a limit. If it does, 
the field is said to be perfect. We can, however, clearly extend 
the field K so as to get a perfect field K'. 

A fundamental result due to Ostrowski is that besides the 
non-Archimedean fields only such fields admit of valuation 
which are isomorphic with a sub-field It of the field of all 
ordinary complex numbers, and that, if to the element a of K 
we make correspond the element a of It, then ||o|| = |«l^ 
o <p<i. Moreover, all non-Archimedean valuations of 
the field of rational numbers R are obtained in the following 
way. If ^ is a prime, then every rational number a can be 
expressed in the form a-^p^ulv, where «, v are integers not 
divisible by * and r is an integer. We put || o || = c', o < c < i. 
The perfect field R' is then the field of Hensel’s jfr-adic numbers. 

Can we value the algebraic extension of a valued field K 
in such a way that the valuation of K still holds ? Every 
algebraic element a with respect to K satisfies an equation 
+ . . . +o, =o, with coefficients in K, which is 

irreducible in K. KilrsChdk lays down that all roots of an 
equation irreducible in K have the same value. Then it 
follows immediately from condition (2) that the element a, 
if the problem is to be solved, must have the value ||al|=« 
II Ok II But are conditions (2) and (3} then satisfied 7 It is 
easy to prove this for (2), but for (3) it must be assumed that the 
valued field is perfect. We thus get a valuation of any alge¬ 
braic extension of the perfect field K, and Ostrowski shows 
{Crelle, 147 , 1917, 196) that this is the only way of solving the 
problem. 

Kttrsch 4 k makes use of the theory of power series and of 
Hadamard’s theorem, but expresses the opinion that in the 
case of non-Archimedean valuation the theorem might be 
proved more easily by a method based on that of Hensel for the 
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algebraic extension of the field of the ^-adic numbers. This 
has now been done by K. Rychlik {Crelle, USi 1923, 94>-io7). 

Quadratic Forms. —As far back as 1798 Gauss proposed es 
the two principal problems of the theory of quadratic forms, 
first the determination of criteria for the possibility of repre* 
senting a given number n by a quadratic form f, and secondly 
the determination of conditions for the equivalence of two 
quadratic forms /and g. Recently H. Hasse (Crslle, 108 ,1922, 
120, 205) has dealt with these questions, taking for the domain 
of all quantities entering (coefficients, variables, numbers 
represented) the field K (i) of all rational numbers. His 
method depends on Hensel’s theory of p-adic numbers. Both 
problems are, however, special cases of a more general one, 
which he now discusses (Cre//e, 158 .1923,12-43). A., Bare the 

symmetrical square matrices which arise from the coefficients 
of two quadratic forms, what are the necessary and sufficient 
conditions for the existence of an equation S'AS» B, where S 
is some rectangular matrix in K (i) and S' is the transposed 
matrix? It is possible to reduce the problem to the more 
simple case in which A and B are of ranks n and m, where A 
has n and B m rows and columns ; S must then have w rows 
and m columns. If m » i we have the first problem ; if m m, 
the second. The criteria can be expressed by means of the 
complete system of invariants with respect to rational 
transformations. 

Hasse then goes on to discuss the case, hitherto excluded, 
in which the matrix B is identically null, i.e. the conditions for 
the equation S'AS « o, in K( i), with A and S not vanishing 
identically. This problem is closely connected with one 
discussed by Minkowski, vis., When is a quadratic form equiva¬ 
lent to a rational multiple of another ? The criteria are now 
expressed by means of the complete system of invariants with 
respect to rational transformations and multiplication. In a 
sumequent paper {ibid., 113-30) the author attacks the first 
problem for any algebraic number field. 

Minkowski, by means of the methods developed in his 
Gtometrie der Zahlen, proved the theorem that if ^•■0* + 
by + fo and ij »«= c* + dy +170 are linear functions of x and y 
whose determinant {ad - be) is unity, then there are always 
integral values of x, y such that < i* The theorem is a 
generalisation, and at the same time the best possible irnwove- 
ment of an inequality due to Tschebyscheff. W. I^rrer 
{Math. Ann., 89 . 1923, 255-9) gives a simpler proof of the 
theorem. 

Tksojy of Functions. —Three directions in which the theory 
of functions of a complex variable has been extended in recent 
years are (1) the behaviour of a function as we approach along \ 
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t line to an essential singularity; (a) the distribution 

of the aeros of integral functions ; and (3) the analytic con¬ 
tinuation of a function-element defined by its power-series 
tbvelopment. G. Pdlya {Math. Ann., M. 19231 ^ 79 ^}) gives 
a general account of work along these three lines, showing how 
they may be brought into connection by means of a suitable 
graphical representation. He confines himself, however, to 
simple special cases. Suppose we take an integral function of 
the exponential type, i.e. a function F(s) which satisfies through¬ 
out the complex plane an inequality 

|F(s)|<As*'-, 

where A, a are positive constants. Let us approach the 
essential singularity «- ao along the straight line from the 
point « = o in the direction Form the expression 

f 

Then h{<^). a function of the variable angle expresses how 
the growth of F(«) along such a straight line depends on its 
direction ; h{^) may be called the indicator of the function 
F(e). It is real function of period air, but it satisfies an 
inequality which may be expressed geometrically by saying 
that it is the support-function (StUtsfunktion) of a convex 
region lying wholly in the finite part of the plane. The 
edge of this convex region, the envelope of the straight lines 
X cos ^ sin h{p)^ o, is completely determined by the 
integral function F(*) of exponential type; the region may be 
called the indicator-aiagram of F(«). An example is afforded 
by the exponential sum 

Ax^' + A,«^+ . . . +A.<r-'. 

Draw the smallest convex polygon which encloses the points 
. u, of the complex plane. Then the image of this 
polygon in the real axis is the indicator-diagram of the function. 
Next, let the number of zeros of F(«) within the circle \ti\'^r 
be denoted by N(r). Form the greatest and least of the limits 
of N(r)/r as r tends to infinity; in the case of an integral 
function of exponential type these limits are finite, they may 
or may not be equal. Call them the upper and lower density 
of the zeros. We then have the theorems that the lower density 
of the zeros is not neater than the circumference of the indicator- 
diagram divided by aw, and that the lower density of the zeros 
on a straight line from s o is not greater than the breadth 
of the indicator-diagram, perpendicular to the direction of the 
Hue, divided by sir, i.e. is not greater than 

{A{^ — iir) + 
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The cotmection with the third line of research depends on 
the remark that the power series 

represents an integ^l function of exponential type if, and only 
if, the power series 

. ?+?+?+•••=/« 

converges in a non-vanishing neighbourhood of the point «. 
The function f{e) is called the Borel-transform of F(*) (and 
may be denoted by BF(«)); as an example, the Borel-transform 
of the exponential sum mentioned above is SAJ{z — a). We 
then have the following theorem: The function-element 
BF(0) can be continued from the point * = oo to any point 
lying outside the convex region obtained by reflecting the 
indicator-diagram of F(«) in the real axis. Every point on the 
boundary of this region is a singular point, unless it is an inner 
point of a straight portion of the boundary. Thus, for example, 
in the case before quoted the corners of the polygon are the 
singular points. 

P, A. MacMahon ^Proc. Roy. Soc., A, 10 #. 1923, 39-47) 
has been led in combinatory analysis to consider a class of 
transcendental functions of which the Bessel functions are a 
particular case. They are defined by 

E,. m{e) = ^ + 

and reduce to the Bessel functions J»(*) for m « 2. The function 
E satisfies a differential equation of order m — 

[(•S — n)r “ * {-3 + (w- I )n} + (Ima)"]^ = o, where S denotes g^djfk), 

and various difference relations analogous to those for Bessel 
functions can be obtained. 

Orthogonal Systems .—^A normal orthogonal system (^) for 
the interval (c, i) is a system of real functions ^o(x), . . . 

^»{x) . . . , continuous in (a, b) for which 

»o, I, 2 . . .). 

If g{x) is any function continuous ior a'^x'^b, the formally 

constituted series F = where k,’’* ^g(x) 4 t^x)dx, is 

called the Fourier series of g{x) belonging to (^). The 
question then arises : Is F convergent, or if not, can it be 
summed by the method of arithmetic means ? 
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Criteria have been given by Haar for a system (^) to be 
Summable to the i&th order (in Cesiu’o’s sense), and it has been 
proved that the trigonometric functions, the Legendre functions, 
and the Sturm-Liouville functions are summable to the first 
order (Fej6r, Math. Ann., 68 , 1904, $7-69 ; Haar, Diss., 1 ^ 9 ; 
Gronwall, Math. Ann., 74 , 1913, 213-70). A recent contribu¬ 
tion to the subject has been made by G. Wiarda (Crelle, 168 , 
*933, 44“6o)- He first develops the theory of the Laguerre 

polynomials defined by-= ShJju)^, | «| < i, obtaining 

I 0 O 

results about the zeros of Lm(m), which, as is known, 
are all real, positive, and different, and shows also that the 
arithmetic mean of 14 -f . . . + 14 tends to zero as n-* 00 . 
[Other recent papers on these functions are by Szego {Math. Zs., 
1 , 1919) and E. R. Neumann {Jahresber. D. Math. Ver., 80 , 
1921, 15-35).] Wiarda then obtains an orthogonal system 
comiected with the Laguerre polynomials, namely: 


4>*[x) 


1 + X 



for which use is made of the equation 

£e-l^u)U(u)du-{°’«2Z:. 

These functions ^ are not Sturm-Liouville functions as the 
second order differential equation which they satisfy is not 
self-adjoint. The author proves that this system is certainly 
summable to the second order, but he cannot decide about 
the first order. 

He then builds up a system which is summable to no finite 
order. 

Spherical trigonometry made a great advance from the 
theoretical jwint of view by the work of Study : Sphdrische 
Trigonometric, orthogonale Substitutionen und elUptische Funk- 
iionen {Abh. Leipzig, 80 , 1893, 85), in which he considered not 
only an ordinary spherical triangle, but with it the Neben- 
driieeke. H. Wolff {Crelle, 168 , 1923, 66-75) considers from an 
elementary point of view the same extension for plane triangles ; 
^ud^ had referred to it, but in connection with orthogonal 
tubstitutions and the addition theorem of the Weierstrass 
<r-function. 

Three real points in a plane are thus the corners of 16 
triangles, for each of which the sum of the exterior angles is 
a multiple of 2ir. The exterior angle a is the positive rotation 
al»ut A which brings + d on to + c. From the sides and angles 
Of one of these triangles, say the ordinary Euclidean triangle, 
we can get to the sides and angles of the others by means 
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of the substitution of a group. The ordinary trig^nonw^ 
formulae, expressed in terms of the exterior angles, nave now a 
unity and a region of validity which were concealed before. 
For instance, the cosine formula, a* - A* + c* + 2bc cos «, 
is invariant lor all the substitutions, but the formula for the 
radius of the inscribed circle, 2p^(-a + b + c) cot in, 
leads by two of the substitutions into the formula for tiie 
radius of the described circle touching a, » (o + i + c) 
cot |a, and so on. 

For the study of suchformulaeas cot f o » ~ (s - c)/s(s —4^ 

the triple infinity of triangles are represented as the p>oints 
of a three-dimensional space, taking the sides, positive 
or negative, as rectangular Cartesian co-ordinates. The 
three cotangents are two-valued algebraic functions of position 
in space, and we can trace their behaviour, the critical values 
occurring where a±i±c»=o, giving four planes through a 
point, wnich divide the space into 14 regions. The angles and 
form of a triangle only depend on the ratios of a, b, c, so that 
to the points of a line through the origin corresponds essentially 
one triangle. We have then to consider a division of the 
surface of a sphere into regular triangles and quadrilaterals. 

Geometry. —Both Cremona and Sturm in their prize essa^ 
on the cubic surface (1868) gave a classification of real cubic 
surfaces according to the number of real straight lines which 
lie upon the surface. There are five varieties : (1)27 real lines ; 
(2) 15 real lines, the other 12 being imaginary and formii^ a 
double-six of which corresponding Tines are conjugate imagin- 
aries ; (3) 7 real lines, there being also 2 pairs of conju^te- 
imaginary intersecting lines and 8 pairs of conjugate-imaginary 
skew lines ; (4) 3 real lines, 6 pairs of imaginary intersecting 
lines and 6 pairs of conjugate-imaginary skew lines ; (5) 3 real 
lines and 12 pairs of conjugate-imaginary intersecting lines. To 
obtain a representation of the surface upon a plane, we may 
draw the transversal from a variable ]^int of the surface to two 
skew lines of the surface and take its intersection with a plane ; 
such a transversal drawn from a real point will be real if the two 
lines be real or conjugate imaginaries. Thus in cases (i) to (4) 
we can get such a plane representation, real points of tne plane 
TOiresponding to real points of the surface, and vice versck 
But in case (s) the method fails to give such a real representation; 
and the alternative method of drawing the chord from a variable 
point of the surface to one of the twisted cubics on the surface 
likewise fails in this case—the surface has no real twisted cubics. 

The fact is that while in cases (i) to (4) the cubic surface is 
unipartite, in case (5) it is bipartite. as we distinguish 

in the geometry of plane curves between a tnanch and a circuit, 
so here we must distinguish between a sheet (Mantel) and a 
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V. 


|«it (Schale); a hyperboloid may have two sheets, but has only 
one^art.] 

Tne existence of bipartite cubic surfaces was tot pointed 
out by Schl&fli (Annali di mat., 5 » 1873, 289); it is also men- 
tioned by Klein and Zeuthen in their investigations of the 
form of the cubic surface, but they do not pay much attention 
to this particular variety. As a matter of fact this surface 
seems to possess only negative properties, in this resembling, 
as Sturm says, the general quartic surface, concerning whi^ 
Steiner remarked in a letter to Schlafli: “ Es wire fatal, wenn 
hier die Geometrie ein Ende hfitte.” 

In a recent paper R. Sturm {Crtlle, 108 . 1923, 1-7) returns 
to the matter. He considers the generation of a cubic surface 
by means of a pencil of planes and a pencil of quadrics pro- 
jectively related, taking as the axis of the plane pencil one of 
the real lines. All five varieties can be generated in this way ; 
and he shows that it is only the fifth which is bipartite. The 
real lines belong to a part which consists of two sheets and thus 
meets the plane at infinity in a real curve ; the second part 
does not meet the real lines and may or may not go off to 
infinity. The tot part is odd, i.e. is met by any straight line 
in an odd number of points, its curve of intersection with a 
plane may consist of one or two circuits. The second part is 
even, is met by planes in curves with one circuit only, and has 
ever^here positive curvature. Since the generation of the 
surface by three (real) collinear sheaves or three (real) trilinear 
pencils necessarily leads to a real representation on a plane, 
which clearly requires that the surface should be unipartite, it 
follows that this type of surface cannot be generated in either 
of these ways. 

Sturm further shows that the bipartite cubic surface cannot 
have a real twisted cubic, or any real rational twisted curve 
with an odd number of apparent double points, e.g. it can have 
no twisted quartic of the second kind. Also, it can have no 
real twisted sextic of «nus 3, etc. 

Surfaces of three of the five types can be represented by an 
equation of the form 

zxyg + A(** + *•)■ B, 


an equation investigated by Goursat (for rectangular Gurtesian 
co-ordinates) as belonging to surfaces which are symmetrical 
with regard to the planes of symmetry of a regular polyhedron 
(1887). For B/A > A* we get type (i), for A* > B/A > o we get 
tjrpe (5), and for B/A <0 we get type (4). Goursat did not 


A. Comessatti (Matk. Atm., 8A i 933 » 372-97) gives an 
hitroduction to a geometrical theory of binary forms, of which 
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he has given abstracts in various Italian journals. It is well 
known that a binary form + nojiif*** + . . . + a, can be 
represented by means of the point of an »i-dimensional space with 
homogeneous co-ordinates Od. rational 

normal curve of order n, (i~o, i, 2 . . . n) is then 

of fundamental importance, its points representing those 
binary forms which are perfect «th powers. Comessatti here 
examines the significance in the theory of forms of the osculating 
hyperplanes of different dimensions and of such varieties as the 
variety of chords of the curve. He further investigates in this 
connection the groups of homographies of the space under which 
the curve is invariant. He promises further papers on the 
matter, on the publication of which we may enter into more 
detail. 

F. Klein and S. Lie investigated in 1870 in joint papers a 
family of curves, in general transcendental, to which, on account 
of the invariance of a certain cross-ratio {Wurf in von Staudt's 
phrase), the name W-curves has been given. They are defined 
as the curves of an r-dimensional space which are invariant imder 
a continuous group of automorphic collineations of the space. 
A general account is given by G. Scheffers {EncykL math. IViss., 
Ill, D. 4). H. Mohrmann {Math. Ann., 69 , 1923,260-71) deter¬ 
mines all W-curves which are algebraic. His methods belong 
entirely to the theory of algebraic curves, it not being necessary 
for his purpose to investigate or integrate the system of 
differential equations satisfied by all W-curves. In fact, the 
problem is equivalent to the problem of finding all irreducible 
algebraic curves for which all the singular branches iZweigt) 
lie in one and the same simplex—a simplex being the figure of 
r + I points, not lying in any space of less than r dimensions, 
togetherwiththeiri^-dimensional joining spaces (ilr I, 2, , . . 
r — I ). In the course of the work he obtains several theorems 
on algebraic curves, e.g. there is no algebraic curve with one, and 
only one, singular branch; an algebraic curve with not more 
than two singular branches is necessarily rational and of equal 
order and class. 


WrasOBOlOOT. By E. V. NawiniAii. B.Sc.. Meteorological OtSoei. 
London. 

Meteorological Conditions over Greenland .—In the Monthly 
Weather Report of the U.S. Department of Agriculture Weath» 
Bureau for May 1923 Dr. C. F. Brooks gives a summary of the 
observations made in Greenland during the summer of 1912 by 
de Quervain's expedition across the central plateau, and also 
of the observations made by Mercanton at the same time on 
the west front of the inland ice at Jakobshavn, several hundred 
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lailei from the west coast. An account is added of the observa¬ 
tions of temperature and wind in the upper air at Godhavn, 
near the west coast, made by Jost and Stolberg during the 
ensuing winter. The great influence exerted by the Greenland 
plateau upon the weather of the North Atlantic and Europe 
makes a meteorological knowledge of that region very desirable. 

During the summer under discussion no single case was 
observed of a depression passing across the inland ice north of 
de Quervain’s route, although some secondaries passed across 
the southern part of the peninsula. The depressions of the west 
coast were olwerved to move north, and it is a curious fact that 
the warm element of these depressions was supplied by south¬ 
east fohn winds that had blown right across the cold uplands of 
Greenland. 

Of particular interest is the region fringing the permanent 
inland ice sheet on the one hand and on the other the coastal 
zone where the bare rock becomes exposed during this season. 
Here the wind blew very frequently from the relatively cold ice 
sheet towards the heated rocks, and lapse rates of temperature 
greater than the dry adiabatic rate were invariable, ranging 
from j ‘d* C. to as much as 5*5® C. per hundred metres of height. 
This wind did not cease towards midnight, when the sun 
approached the northern horizon and the supply of heat was 
in consequence discontinued, but a slight decrease occurred on 
the average. 

Fohn winds were much in evidence both on the west and 
east coasts, but particularly on the east coast. On July 23 the 
temperature actually reached 16® C, (61* F.) on the east coast, 
with a westerly gale off the ice sheet. 

Sea-breezes were observed frequently near the west coast; 
where the ice-strewn waters of Davis Strait washed the shores 
of the snow-free rocky belt, which was much heated by the 
powerful radiation from the sun. These inshore winds Md a 
very chilling effect upon the climate of the coastal belt. The 
amount of cloud observed inland was small, averaging only 
46 per cent., the principal forms observed being cirrus, cirro- 
stratus, and alto-cumulus. It is a curious fact that over the 
mland ice-sheet, where so much of the heating is spent in melting 
the surface ice, cumulus clouds were occasionally observed. 
The high clouds moved from some easterly point with only 
one exception, while those of medium height moved polewards. 
Many observations of the upper winds were made with the aid 
of pilot balloons at Godhavn, on the west coast, during the 
winter of 1912-13, the height reached averaging 6 kilometres. 
They showed that above the prevailing north-easterly wind near 
the ground—a deflected branch of the generally prevailing 
east to south-east winds—southerly winds usually prevailed. 
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This indicates that the Greenland anticyclone exists t* 
considerable heights^ and must therefore be caused dynamically 
and not thermally, tor were it due to the great density of cold 
air over Greenland it would disapp>ear at a few kilometres' 
height, where general westerly winds would be set up as a result 
of the relative warmth of the air over the open ocean to the 
south. This conclusion is of the first importance, for it negatives 
the idea that a general circumpolar whirl of westerly winds 
exists in the middle and upper portions of the troposphere in the 
northern hemisphere, as has been supposed by Tesseirenc de 
j^rt and others. 

Some observations were made of temperatures aloft with 
the aid of a captive balloon. On February 24, a warm winter's 
day, an inversion of 4® C. was observed, the maximum tempera¬ 
ture being found from 250 to 400 metres above the ground. _At 
the time of the minimum temperature on that day the inversion 
must have amounted to 7“ or 8® C. 

Turbulence in the Lower Layers of the Atmosphere and the 
Development of Cumulus Clauds. —P. Moltschanoff, of the 
Aerological Oteervatory at Pavlovsk, discusses some asji^cts 
of turbulence in a paper which appears in the Meteorologische 
Zeitschrift for July 1923. 

R. Wenger has shown that the greater ascensional velocity 
of pilot balloons in the lower layers of the atmosphere, as 
compared with the ascensional velocity higher up, is probably 
due to the influence of turbulence. Thu difference cannot be 
explained by the decrease of Reynolds' turbulence-coefficient 
with height, since the latter results in a retardation which at 
the best is only just compensated for by the decrease in the 
density of the air. The following figures show that the difference 
cannot be attributed to ascensional air-currents, for the mean 
ascensional velocity up to a height of i km., expressed in tenm 
of the mean velocity V during the whole ascent, is greatest in 
the case of balloons with a large " lift," and consequently a 
relatively large value for V; 


TABLE I 


Lift to giBiat. 

Vtlodty up to s Ini. 

IlMBdfirtatta. 

Kttflibfrof oiM. 

6-99 

HQjHj 


6 

100-170 


±0-09 

21 

171-199 


db ot)8 

4a 

200-320 

BkI 

db 0*08 

19 


The data in this table were obtained by W. Peppte: in 1913 
from observations made at Lindenberg with two theoitoli^. 
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In order to obtain an idea as to the real cause of the differ* 
once, the velocity of fall of free balloons containing air and a 
Uttle sand was observed, the free balloons being released from a 
captive balloon. The observed velocity exceeded by 10 or 
15 per cent, that which would have been expected from 
Reynolds’s data. This result eliminates the possibility that the 
ascensional velocity in the lower layers of the atmosphere is 
augmented by the balloon being carried into rising currents, 
for these rising currents would retard a falling balloon. 

The question arises as to the real nature of the ascending 
currents. The ordinary explanation of the formation of 
cumulus cloud supposes that it is due simply to the con¬ 
densation of water vapour drawn up from the earth’s surface 
by ascending currents. There are many facts, however, which 
are not consistent with this idea. For example, the idea of 
ascending currents implies differences of temperature and 
humidity in a horizontal direction, consequently condensation 
must set in at different heights according to the degree of excess 
of heat and moisture in the place where the ascending current 
originates. This implies considerable variations in the heights 
of the bases of individual cumulus clouds on a given occasion, 
whereas actually there is very little variation. Also in their 
early stages cumulus clouds show no dome-like structure: 
they begin as ragged pieces of fracto-stratus some of which 
disappear, while others develop further and become dome-like. 
Again, the development of ascending air currents over water 
is very difficult to explain, yet cumulus clouds are observed 
over the sea, although not so well developed as over the land. 

It k possible, however, to explain the formation of cumulus 
clouds without having recourse to continued ascending currents. 
The mixing together of the various parts of the lower layers 
of the atmosphere by turbulence causes water vapour to be 
drafl^d up from the earth’s surface to hi^er layers, there to 
be ratributed according to Dalton’s Law. There is, so to speak, 
an increased diffusion of water vapour upwards, and condensa¬ 
tion occurs as a result of the lower temperature aloft. If the 
Iwmidity of the surface air is so great that its dew-point occurs 
within the region affected by turbulence, a uniform layer of 
stratus or strato-cumulus is produced; but if the humidity is 
smaller and the dew-point occurs above the general laym-of turbu¬ 
lence, cloud formation will occur only in those places where 
tite turbulence reaches up to the dew-point. In such places 
ragged clouds will appear and form nuclei fcur cumulus 
frannation. If sufficient moisture is condensed to liberate the 
requisite amount of latent heat, a genuine cumulus cloud 
pill be formed ; but it is important to observe that it is not 
111 ^ tint instance a rising current that causes the cumulus 
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cloud, but the formation of the preliminary fracto>cumttloa, 
which liberates the energy sufficient for the development ox 
such a current. 

When the lapse-rate of temperature with height approaches 
the dry adiabatic the ascending current becomes intensified 
and a thundercloud may be developed, which will involve a 
considerable mass of air in the vertical movement. The 
phenomenon may then be described as one of ascending air. 
Such a phenomenon cannot continue for an unlimited time, 
however, for the moisture condensed liberates enormous quan¬ 
tities of heat, which warm the upper layers, while the descending 
precipitation cools the lower layers, both by reason of the 
heat absorbed in its partial evaporation and by direct absorption 
of heat from the relatively warm air. The cloud formation 
which is caused initially by turbulence thus necessitates the 
weakening of such turbulence. Only the turbulence of the 
lowest layers can continue, being maintained by the energy of 
the general circulation, and so store up energy for the condensa¬ 
tion phenomena just described. Nevertheless the clouds 
themselves diminish the heating of the earth’s surface by the 
sun, and thereby tend to weaken the turbulence near the 
ground. 

The whole process described above constitutes a stabilising 
tendency in the atmosphere. It acts in such a way that the 
process, when invoked by any factor, results ultimately in the 
suppression of that factor, and the normal condition of the 
atmosphere tends to be restored. 

The Characteristics of the Atmosphere up to 200 KUometres 
as indicated by Observations of Meteors.—In tne Quarterly Journal 
of the Royal Meteorological Society for July 192 3 there appears an 
account of an attempt by G. M. Dobeon to use the theoretical 
investigations of Prof. Lindemann (Proc. R. Soc., 102 (Ser. A^. 
1922, p. 411) into the physics of luminous meteors as a basis 
for estimating the temperature and pressure of the air at levels 
above those that can be reached by registering balloons. 

According to the theory, a meteor, on first entering the 
earth’s atmosphere, strikes molecules of the air directly. The 
velocity of the meteor is very great—generally between 12 km./ 
sec. and 100 km./sec, or more—and the impact of a molecule 
at such a speed will break up the atoms, and nearly all the 
energy will be at first used up in this way. At a later stagip, 
however, when the meteor has entered less rarefied portions <« 
the atmosphere, a cap of compressed air will be formed in front 
of the meteor. So great is the compression that the air in this 
cap will attain generally a temperature between 2,ooo* and 
4,000** Ateolute (Centigrade), and the solid substance of ths 
meteor will be vaporised and quickly rendered luimnota as d 
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itstitt of friction between this' vapour and the air. The height 
at which this occurs, together with the brilliance of the meteor 
and its velocity, all of which can be roughly estimated, enable the 
mass of the meteor to be calculated, on the assumption that 
most of the energy is converted into visible radiation. From 
olMervations of this kind it is found that the ordinary meteor 
has, while in the solid state, a diameter of the order of i mm. 
With the length of path and the difference between the heights 
of appearance and disappearance of the meteor as additional 
observational data, Lindemann’s theory enables the density 
of the undisturbed air at these two heights to be calculated 
(the full theory of this calculation and the nature of the assurnp* 
tion that have to be made is not given by Dobson, but the 
reader is referred to Lindemann's original paper {loc. cit.) for 
full details). A diagram is given showing the variation of 
density with height obtained in this way from a large 
number of observations of meteors collected by W. F. Denning, 
for heights varying from about 20 to 170 km., using the con¬ 
stants for nitrogen in the calculations. 

It may be recalled here that registering balloons have 
furnished information about the mean temperature and presstire 
up to 20 km. height, and it is known that from about 11 km. 
to 20 km. there is on the average no appreciable change of 
temperature, the mean in this region being about 220^ A. 
In order to estimate the density of the air at higher levels, it has 
been customary to assume that this steady temperature con¬ 
tinues to still greater heights. The curve showing the variation 
of density with height obtained by Dobson shows that the 
values of density based on a constant temperature of 220*A. 
agree well on the average with those obtained from observations 
of meteors up to 50 km., but that above that height Dobson’s 
densities are considerably higher, and his lapse rate of density is 
such as to imply that above so km. the temperature is much 
higher than 220® A.—probably more nearly 300® A. Notwith¬ 
standing the rough nature of the calculations, there seems to 
be good reason for believing that they are accurate enough 
to justify some confidence in the existence of this warm region 
at great heights, for the discrepancy between the densities 
obtained by the two methods is very great between 100 and 
150 km., tne one being from 100 to i ,000 times as great as the 
other. Aj^ssible explanation of the high temperature is as 
follows : Ozone is formed when oxygen is acted upon by 
Radiation of very short wave-length: at the highest leveb 
where osygen exists the solar radiation must be rich in ultra- 
\wiet radiations, which are complet^ eliminated by t)^ time 
t^ smUight reaches the ground. Iney doubtless convert a 
paii of the oaQTgen into ozone, and since the ozone is able to 
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absorb ultra-violet as well as infra-red radiations, the radia tt p n 
equilibrium temperature will naturally be high. 

A curious characteristic of the statistics relating to the 
height of disappearance of meteors is the small number of cases 
of disappearance between 50 and 60 km. This phenomenon 
is shown clearly in statistics for both summer and winter. 
The assumption of a big rise in temperature above 50 km. 
affords a plausible explanation of this ^culiarity, for a meteor 
will naturally volatilise more readily at a high than at a low 
temperature, and on descending into the colder region below 
50 km. the volatilisation will be checked for a time, until the 
increasing density of the air compensates for the lower tempera¬ 
ture. The existence of this minimum in the curve for frequency 
of disappearance is strong independent support for the correct¬ 
ness of Dobson’s conclusions. 

The following articles may also be noted : 

Dimes, W. H. and L. H. G., “ An Examination of British Upper Air Data in 
the Light of the Norwegian Theory of the Structure of the Cyclone," 
Q. J. Met. Soe., vol. xlix. No, 207, 1923. 

KoBAYASt, T., " On the Mechanism of Cyclones and Anticyclones," Q. /. 
Met. Soc., vol. xlix. No. 207, 1923. 

Ward, R. db C., " The ‘ Indian Summer' as a Characteristic Weather Type 
of the Eastern United States," Proc. Am. Philos. Soe., vol. Ixii, 1923. 

Koch, E., “ Uber die Beziehung zwischen Gradient, Wind und Strom im 
Nordatlantischen Ozean," Ann. der Hyde, und Marit. Met., Bd. U, 1923. 

Reynolds, W. C., " Thunderstorms and Ozone," Nature, vol. cxii, >923. 

Dobson, G. M. B., " Measurements of the Sun’s Ultra-violet Radiation and 
its Absorption in the Earth's Atmosphere," Proc, Rayai Soe. London, 
vol. civ, 1923. 

ScHEREscHEWSKY, Ph„ and WEKRui, P., " Les SystSmes Nuageux," Bsiia, 
Off. National Met. Mem. /., No. i. 

Bartels, J., " Zur Berechnung der T&glichen Luftdruclcschwanknng," Atm. 
der Hydr. und Marit Met., Bd. li, 1923. 

Nolan, J. J., and Gill, H. V., " The Electrification produced by the Pulvarisa* 
tion of Aqueous Solutions," Phil. Mag., vol. xlvi, 1923. 

Wenoer, R., " Zur Theotie der Berg- und Talwinde," Met. Zeit., Bd. xl, X933. 

Besson, L., " Concerning Halos of Abnormal Radii," Monthly Weather Reeiem, 
vol. li, 1923. 

Fvjiwhara, S., " On the Growth and Decay of Vortical ^stains and Ite 
M ec h an i sm of Extra-tropical Cyclones," Btdl. Cent, Met. Obt. 
vol. iii, 5. 

Jettreys, H., " The Effect of a Steady Wind on the Sea Level near a Straigfat 
aore," Phil. Mag., vol. xlv, 1923. 

Kbamevsky, V., " Circulation G«n«rale de I’AtmospbAte," Butt, de Vlnet. # 
Phys. Coim. de Moseou. 

SUBBN, R., " Beitrftge sur Thermodynamik der Atmosphin/' Met. Sm, 
Bd. ad, 1923. 
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wmxmum. By J. Ricb, M.A.. Univmity, Uverpool. 

Thf Principle of Correspondence ,—No better evidence of the 
dominating position in Physics which has been attained by 
the Quantum Theory could be given than the amount of 
time which Section A of this year’s British Association 
meeting devoted to the discussion of this theory and its con¬ 
sequences . The rapidity of its rise is one of the most remarkable 
phenomena of the history of Physical Science. Planck’s tenta¬ 
tive suggestion of 1901 towards a solution of the radiation 

C oblem was practically unnoticed at first. Even when Einstein 
ought it out of obscurity in 1905 by his treatment of the 
specific heat problem, we shrank quite naturally from the full 
implications of the entry of this alien idea into our minds. 
We might accept a discontinuous exchange of energy between 
matter and radiation, but to ascribe a discontinuous structure 
to radiation itself was askine too much, despite certain specula¬ 
tions of J. J. Thomson which were to be found in his books and 
papers of that time. Nor, indeed, was such an extreme 
idea necessary for the solution of the radiation and specific 
heat problems, as Planck himself was able to show. But the 
success of Bohr’s theory of atomic structure has driven our 
thoughts still further, and to-day there is no evasion of the issue 
possible. Wherever we are concerned with interference and 
diffraction of radiation (that term being used to cover all wave¬ 
lengths, from extreme infra-red to 7-rays), the classical theory 
of the continuous, coherent electromagnetic wave renders 
an admirable account of itself. But wherever the production 
and transformation of radiation are in question {e.g. photo¬ 
electricity, secondary radiation), we must resort to the view that 
light is propagated, not in continuous waves, but in light- 
quanta. Each of these two ideas is appropriate to one of the 
two groups of phenomena, but is apparently irreconcilable 
with the other. The dilemma is complete. In the meantime 
we make shift as best we can, and search for such points of 
contact as may exist between the two views and exploit them as 
fully as experimental evidence will allow. It is Bohr who first 
clearly indicated that this method offers us the best hope for 
progress until such time as Physical Science is once more en¬ 
dowed with a consistent body of principles which embraces all 
the facts. In his earlier work of 1913 the point of contact 
between the classical and quantum theories lay in the fact that 
the stationary orbits in the atom are assumed to conform to the 
classical laws of motion. The points of contrast were the 
ipsamed stability of these orbits and the absence of radiation 
as the electron remained in one of them. During the 
ftve years Bohr and his pupil Kramers have discovered 
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and developed another point of contact and named it the 
Principle of Correspondence.” It appears to the writer 
of this note that some information concerning this very im- 
TOrtant principle will be of service to the readers of this 
Journal, as at present the only references available are to bools 
and journals read by the expert physicist rather than by the 
general scientific worker. 

Previous references to Bohr's theory will be found in this 
Journal, Nos. 37, 47, 48, 49, 52, 63, 66 , 70. As it stands at 
present, it postulates the existence of ” stationary states ” for 
any atom. In any one of these states each electron remains 
in an orbit which is endowed with an inherent stability unex¬ 
plained by purely dynamic or electrod3mamic reasoning, and it 
emits no radiation despite its accelerated velocity. Under 
the influence of external radiation, electronic impact, or some 
undefined spontaneous activity, an electron can jump from 
one orbit to another stationary orbit. It is during such a jump 
(or number of jumps performed simultaneously by different 
electrons in the atom) that radiation is emitted from the atom ; 
this element of emitted light is assumed to be monochromatic 
and to possess a frequency given by dividing the difference of 
energy between the two atomic states by Planck’s constant h. 
Of course, if the final state has greater energy than the initial, 
an act of absorption has taken place. 

The manner of defining the particular orbits which possess 
the stationary property among the infinity of ” mechanically 
admissible ” orbits has been the occasion of much thought and 
investigation. At present, the method is crudely as follows. 
Every system such as an atom can be dynamically defined by 
a number of ” co-ordinates ” qt, . . . f*. These are most 
usually a sufficient number of lengths, angles, at^as, or 
geometrical magnitudes to prescribe without ambiguity or 
redundancy the positions of the nucleus and the several 
electrons. Each of these co-ordinates is a function of the time, 
and the kinetic energy of the atom can be expressed as a function 
of the ” velocities ” or rates of change of the co-ordinates, 

9a, . . . This energy can also m expressed in the form 

HPi 9 i + + . . . p,qr) 

where />„ , . . p, are functions of the 9, and are called 

the “ momenta.” Now in an atomic system the motion is 
essentially periodic in character, and we can conceive of an 

integration such as fp^dq, being effected through a complete 

period of the co-ordinate 9,. Such an integral is adled a 
modulus of periodicity.” The principle proposed for tlfo 
selection of “ quantised orbits ” is that for such an orbit nR 
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its moduli of periodicity " should be inUgrcd multiples of A. 
(It will be observed that A is a quantum of “ Action,” and the 
int(^[rals Jpdq are quantities of Action.) Of course the number 
of ways in which we can choose co«ordinates for a d3mamical 
system is unlimited, and care has to be exercised in choosi^ 
co-ordinates suitable for quantisation of the orbits. The dis¬ 
cussion of this point would, however, carry us too far into the 
dynamics of planetary motion. In short, each stationary orbit 
satisfies the following relations (as many as there are degrees 
of fireedom): 

ypAi - fhh ; fptdqt - n,A, etc., 

where «*, etc., are a group of inttgtrs. These integers are 
called the ” quantum numbers ” of the orbit, and each number 
of the group relates to one co-ordinate. 

So far the theory only permits us to calculate the frequency 
of the emitted or absorbed radiation by the rule given above. 
It makes no statement concerning intensity or polarisation. 
Intensity for a particular line will clearly depend on the number 
of atoms which during a given time jump from one stationary 
state to another whose difference in energy corresponds to the fre¬ 
quency of the line in question. Quantum theory until recently 
offered no principle to enable us to solve such problems, but 
Bohr has put forward as a temporary guide a postulate which 
links up with classical theory; he calls it the ” Principle of 
Correspondence." According to classical theory, any electron 
in an orbit would be radiating energy on account of its accelera¬ 
tion, and the theory gave a very direct way for calculating 
frequency, intensity, and polarisation of such light. The 
metnod consists in projecting the motion along three axes, and 
then analysing each axim vibration into its harmonic 
components by Fourier’s theorem. If there be r degrees of 
vlrpe^m, there would be in general r distinct fundamental fre¬ 
quencies involved, «»|, W| . . . «>„ and any axial displacement 
would be given by the sum of such terms as 

A cos [aw (s,«», + s,«, + . . . + a,«o,) / + 

where A and 3 would be an amplitude and epoch (varying in 
general from term to term); s„ . . . s, would be a group 
if r integers (positive or negative), and tlworetically there would 
be as many of these terms as there are numbers of such groups. 
(It should be noted that each of the frequencies 
0bam to one of the co-ordinates 9i ... g, by means of 
quantisarion of orbits has originally been effected, and 
^ might be called, the ” order-numbers *' in a given 
tVm « ^ Fourier expansion with regard to the individual 
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co-ordinates.) Now classical theory led to the view that the 
emitted radiation consbts of lines whose frequencies are given 
by the values of 

s,®, + s,«g + . . . + 

occurring in such terms of the Fourier expansion as possess 
values of the amplitude A which are not negligible. That is, 
classical theory identified the optical frequencies with the 
mechanical frequencies occurring in the electronic vibration. 
Bohr’s theory denies this, and postulates that radiation is not 
emitted during motion in a quantised orbit. It is emitted when 
electrons leap from orbit to orbit, and its frequency is determined 
by energy differences realised in such leaps. But the classical 
theory also presumed to give information concerning intensity 
and polarisation of the emitted light by means of the constants 
A and S in the various terms of the expansions for the three 
component mechanical vibrations. For the present, Bohr 
suggests that the retention of this assumption may give us some 
help in further development of quantum principles. Briefly 
put, his Principle of Correspondence may be summarised thus : 
In every transition from one orbit to another there takes place 
a definite change in the quantum numbers of the orbit, each 
quantum-number and its change being related to a definite 
quantisation co-ordinate. In the Fourier analysis of the orbital 
motions there occur a series of simple harmonic vibrations, and 
each of these is characterised by a group of “ order-numbers " 
each related to a definite co-ordinate. We set up a corre¬ 
spondence between each term of the series giving the mechanical 
vibrations of the electrons and each possible q^uantum leap by 
stating that a leap in which the quantum nun^rs of the orbit 
change by s„ s, ... Sr corresponds to the term in the series 
whose order numbers are s„ s, . . . s,. Bohr postulates that 
the information given by the constants A and S of this term 
on/Ac classical view concerning polarisation and intensity of the 
light, which was presumed to nave an optical frequency equal 
to the mechanical (vie., s,®, + . . . + 5,®,), is approximate^^ 
correct for the actual light emitted, whose frequency is given by 
the energy difference of initial and final orbits ; further, the' 
approximation is better the longer the period of light vibration 
and mechanical vibration involved. 

The principle is, as Bohr sa3rs, purely “ formal ” ; it 
no obvious support as a deduction from an accepted body of 
Quantum Dynamical and Optical laws ; for such a body does 
not yet exist. Its approximate character is so far justified 
by the pragmatic test that it has been applied to a number ctt 
speaal cases where it certainly leads to results concw nW 
polarisation and intensity in remarkably good accord 
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esqperimental fact; notably for the fine structure of the hydrogen 
lines, the lines of ionised helium, and the Stark effect on such 
lines. The mathematical difficulties of the applications are 
formidable and require some ingenuity in the calculation of the 
A coefficients, concerning which a further and final word may be 
said. Thus in a quantum leap two orbits are involved, and 
the A and S constants occurring in a term involving 

cos 2ir (s,®, + . . . + s^r) i 

will differ in general for the two orbits. (The frequencies o>„ 
»„ . . . ®, might differ also, but that would not concern us 
in questions of intensity and polarisation, as frequency is not 
determined from mechanical vibration.) The method of sur¬ 
mounting this diflficulty is as follows : Let the two orbits be 
defined by the quantum numbers and k^,k^ . . . 

kf, where - A, ~ Sj, n, - — 5,, . . . , - A, - s,. There is 

an infinity of mechanically possible orbits between these two. 
Each one is given by the fact that its moduli of periodicity are 
equal to (A, + \ («» — ifei)} h, {k, + X (n, - k^)}h, etc., where X 
has a value between o and i. These orbits are not, of course, 
quantum orbits, since the multiples of h involved are not integral 
multiples. Bohr suggests that the average of all the A 
amplitudes for these orbits should be used in quantitative 
applications of his principle. 

The original papers are to be found in the Memoirs of the 
Royal Academy of Science and Letters of Denmark, Copenhagen, 
8 th series, vols. iii and iv. Three reprints, two by Bohr and one 
by Kramers, translated into English can be obtained from the 
Academy. A fairly complete account can be obtained in the 
Report of National Research Council on the Quantum Theory 
(National Academy of Sciences, Washington, D.C.; U.S.A.). 
Accounts are also accessible in N. Campbell's monograph on 
Spectral Series (Cambridge University Press) and in the recently 
published English translation of Sommerfeld’s Atomic Structure 
and Spectral Lines (Methuen & Co.). 


VXmCUUt CnOIKZITBT. By W. E. GAuma, M.Sc., Uaivenity 
College, London. 

Electronic Theory of Valency .—Previous to the advent of the 
electron theory of matter, the study of the valency of chemical 
compounds had not led to any comprehensive theory. In 
inoyganic chemistry, for example, the intractable natute of the 
|iroblem$ of variable valency and electrovalency made a broad 
generalisation a matter of extreme difficulty. Investigators 
sad perforce to be content with theories limited in their 
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•ppUettion to comparatively narrow folds. A cerUin measure 
of success was achieved by Werner in the explanation of tfo 
structure of the co-ordination compounds, but his views did 
not appear to be capable of extension to other classes of 
compounds. On the other hand, the valency problems met 
with in organic chemistry are relatively simple, and it is possible 
to account for the structures of nearly all organic compounds 
without departing from the simple theory of van't HoflF. 

At first it was thought that the valencies of carbon and 
inorganic compounds had little in common, but the electron 
theory of matter in the hands of G. N. Lewis, Langmuir, Kossel, 
and others has modified this view and led to a theory of valency 
which does not make any distinction between the two classes 
of compounds. The existence of two kinds of valency is postu¬ 
lated, which are known by the names " covalency ” and 
“ electrovalency ” respectively, “ Covalency ” is the term 
given to a valency bond which is formed by electrons shared 
between the two atoms. The grouping of these two electrons 
has been the subject of much speculation, and the view has 
arisen that the valency electrons are normally arranged in pairs 
or octets. This kind of valency is typified by the carbon com¬ 
pounds and the non-ionisable inorganic compounds. “ Electro¬ 
valency ” occurs only when the atoms in chemical combination 
are oppositely charged, and in this type of linking it is assumed 
that electrons have been transferred from one atom to another, 
impounds showing electrovalency form that class known as 
electrolytes. It is probable, however, that no hard-and-fast 
distinction can be drawn between electro valency and.co valency, 
and intermediate forms of valency may exist in which a partial 
transference of electrons between the two atoms occurs. It is 
customary to explain the polarity of certain groups in organic 
chemistry as originating in some such manner. 

One of the most striking successes of the “ octet ” theory 
of valency is the ease with which it may be used to explain the 
structure of both organic and inorganic compounds. According 
to the views of l^ngmuir, the electronic arrangement of am¬ 
monium chloride is such that four pairs of electrons are arranged 
in the form of an octet around the nitrogen atom : this atom' 
thus possesses four covalencies to which are attached hydrogen 
atoms. This group, NH4, carries one positive charge, and b 
united by an electrovalency with a chlorine ion. There is no 
essential difference in electronic arrangement between N H/ and 
CH* save for the excess of positive charge on the mrmer 
groy). 

The earlier “ ortet ’’ theories of valency, although befoVed 
to be correct in principle, have been modified in detaiHls mom 
light was thrown on the arrangement of the electrofo jm-tlbt' 
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OMtter shell of the atom. The. limitation of the possibte stable 
groups to those containing eight electrons made the explanation 
of the Werner co-ordination compounds impossible, for these 
show not only co-ordination numbers of 4, but also those of d. 
These compounds are definite exceptions to the “ octet ” rule. 
Sidgwick {J.C.S., 1923,128 t 725) has applied Bohr's theory of 
the relationships between the groups in the periodic table (see 
Science Progress, 1923, 70 ^ 201) to Werner’s co-ordination 
compounds. He shows that in the case of the compounds of 
Or, Fe, Co, Ni. Rh, Os, Ir, Pt, there are 26 electrons in the 
outer ring of tne central atom, just as in methane or in the 
ammonium ion the central atom has the same number of 
electrons, 8, as in the outer shell of neon. 

These elements lie in that part of the periodic table where 
the outermost group of electrons is building up subgroups of 
six and not of four, and the disposition of the attached groups 
as in [Co(NO,) 8(NH,),] is governed by the structure of these 
subgroups of electrons. Thus in these compounds, with the 
Werner co-ordination number of 6, the octet must be replaced 
by a group of twelve shared electrons. The stereochemical 
results show that the six covalencies are arranged at the 
angular points of an octahedron. Even those compounds 
showing a co-ordination number of 4 do not form a normal octet 
based on the tetrahedron as in carbon compounds, for com¬ 
pounds of the type Pt At B| are known to occur in geometrically 
isomeric forms. It would appear that the octahedron structure 
still persists, even when the number of electrons in the outer 
shell of the central atom is reduced to twenty-four. 

Isotopes .—^As the knowledge of the structure of matter 
increases it is possible that light may be thro^ on the laws 
governing the synthesis of elements. With this end in view, 
investigations are being made into the relative abundance of 
tlte isotopes of the elements. Recently Harkins {J.A.C.S., 
1923, 45» 1426) has summarised the results of his investigation 
on the relative stabilities, and abundance of the atomic species. 
He finds that those elements occur in the greatest amount in 
the earth’s crust, and in meteorites, in which the atomic number 
and isotopic number are even. (The isotopic number is defined 
as the atomic weight—twice the atomic number.) He shows 
that, out of a total of 80 elements, 55 per cent, have both atomic 
and isotopic numbers which are even, 26*25 per cent, in which 
both of tnese numbers are odd, and 15 per cent, in which the 
atomic number is even and the isotopic number is odd, while in 
only 3*75 per cent, is the atomic number odd and the isotopic 
mittiMr even. From his analysis, Harkins claims to be able to 
the atomic numbers of the isotope of any element from 
tla^ t^niical atomic weight. An interesting example, for which 
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the atomic weight has recently been determined by Rlchaitli 
{J.A.C.S., 1923, 46 , iiSS), is the element gallium. This hM 
an atomic weight 69*716, and assuming the validity of the 
“ whole number rule,” this value indicate the existence of 
at feast two isotopes of gallium. These isotopes, according 
to Harkins, will have the isotopic numbers 7 and 9, and 
atomic weights 69 and 71. Aston {Naiurt, 1933, lift 449 ), 
by use of the method of accelerated positive rays, has examined 
this element in the form of fluoride, and the results show that 
Harkins’ prediction is correct. The intensity relation between 
the lines is in agreement with the newly found atomic weight. 
In the same paper, Aston determines the atomic weight of 
strontium. The atomic weight of this element used by chemists 
is 87*63, and if this value be correct, there should be at feast 
two isotopes. By the positive-ray method, it is show that 
only one isotope is present with atomic weight 88. This points 
to the chemical atomic weight being too low. 

The discovery of the new element hafnium by the 
examination of the Rdntgen spectrum of zirconium minerals 
is but one example of the important part which the new 
experimental and theoretical technique of physics is playing 
in the development of chemistry. The importance of these 
methods has been clearly emphasised by the method sug^^ted 
by Coster (Z. EUctrochem., 1933, 2ft 344) for the anal^^is of 
mixtures of elements. An element may be defined without 
any possibility of error by its Rontp^en spectrum, which may 
thus be used for purposes of identification. Owing to their 
simple character, these spectra are more easily interpreted than 
is the case with those of spectroscopy, although the degree of 
sensitivity at present attainable with R6ntgen rays is much less 
than by means of the spectroscope. Mixtures of zirconium 
and hafnium phosphates, and of antimony and tin have been 
successfully analysed by the new method. 

Length of Carbon Chains in the Fatty Acids .—Evidence is 
being accumulated as to the shape, size, and orientation of 
molecules in th^ crystalline and liquid crystalline states of 
matter. The structure of the long-chain aliphatic molecules 
is of special interest, as here the X-ray method of determining 
molecular dimensions may be contrasted with measurements of 
another kind. The length of carbon chains may be determined 
from the area to which a small quantity of organic substance 
will spread on water. Assuming an oriented monomofecular 
l^er on the surface, Langmuir from such measurements was 
able to determine the lengths of carbon chains. These measiu^^ 
ments have been repeated, recently, with an improved technique 
iw Adams {Proc. Roy. Soc., 1922, lOl, 453), and the lengths of 
the carbon cham in a number of acid films have been detenmined. 
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Thus m3rratic acid gives 21*1 A; pentadecoic add, 22*4 A; 
stearic acid 26*2 A ; behenic acid, 31 *4 A. 

The long chains of fatty acids may be detected by X-rays 
(De Broglie, Compi. Rend., 1923, 178, 738). Muller (J.C.S., 
1923, 128, 2043) that when the fatty acids are melted 
in thin films on microscope slides, they give crystalline flakes 
which orient themselves parallel to the glass surface. When 
the acids are examined under these conditions, lines are obtained 
the distances between which are different for the different 
substances investigated. The spacings in the crystals corre¬ 
sponding with these distances, which are the lengths of the 
carbon chains, increase as a homologous series is ascended. 
From capric acid to behenic acid, the length of chain increases 
from 23*2 A to 47*8 A, and the increase for one CH, group 
is approximately 2 A. 

Results have been obtained by Piper and Grindley (JProc. 
Phys. Soc., 1923,85,269) from X-ray photographs of soap curds. 
These curds, which are liquid crystals in the smectic state, 
possess a fluidity which is limited to one set of planes. They 
are crystalline in two directions only. It is shown that the 
minimum distance between two slipping planes corresponds to 
twice the length of a molecule, the two molecules being arranged 
end to end with the carboxyl groups outwards. The effective 
length of the CH, group is given as 1*25 A, and this distance is 
the same as that calculated from the dimensions of the carbon 
atoms in the diamond, assuming that the carbon atoms in the 
soap curd form a zigzag chain, 

CH, CH, CH, 

/ \ / \ / \ 

CH, CH, 

and that the angle between the lines joining the carbon centres 
is 109° 28^ as in the diamond. 

An interesting confirmation of the view that acid films 
on water are monomolecular is supplied by the close agreement 
^tween the areas ascribed to the carboxyl group by Langmuir 
and the above investigators respectively. Langmuir, for thin 
films on water, found 21 - 22 x 10“** cm.* for the cross-section 
of this group, and this value has now been confirmed by X-ray 
methods. The carboxyl group is shown to sit on a rectangular 
space 4*2 A by 4'9 A. 

W. B. Hardy and Ida Doubleday {Proc. Roy. Soc., 1923, 
WA, 37), from measurements of static friction of lubricants, 
deduce ttat the orientation of polar molecules on a metal or 
dbn surface takes a measurable time before it is complete. 
The coefficient of friction for caprylic acid changes from 0*57 
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to 0*43 over a period of 6o seconds. It is believed that two 
primary films are formed, and that orientation is extended slowly 
into the bulk of the liquid in so far as it is not upset by heat 
motion. The liquid film between two metal surfaces would thus 
possess some of the properties of liquid crystals. 

Niels Bjerrum (Zt. Pkys. Chem., 1923,108, 219) has calcu¬ 
lated the molecular dimensions of carbon chains from the first 
and second dissociation constants of the dibasic organic acids. 
It would be anticipated on purely statistical grounds, from the 
number of acid groups and the collision of hydrogen ions with 
these groups, that the first dissociation constant of the dibasic 
acids would be four times as great as the second. The differences 
between the two dissociation constants are always greater than 
this, and are the more marked the nearer the two carboxyl 
groups are to one another. If />, «log ki, and />, — log k^, then 
p% Pi — log 4, assuming that the ionisation of one carboxyl 
group is without influence on the other. It is shown that 
n -«Pi - />i - log 4 ranges from 2*33 for oxalic (Ct) to 0*42 for 
sebacic acid (C,,). Thus even when the two carboxyl groups 
are separated by eight carbon atoms, the difference between the 
two dissociation constants is greater than that expected on 
purely statistical grounds. There must be a definite action 
between COO' and the second carboxyl group, which is of such 
a nature as to hinder the ionisation of this group. It is shown 
that the transmission of any effect along the carbon chain is 
unlikely, and that the low value for can be explained on 
electrostatic grounds. There is an increase in concentration 
of hydrogen ions around the COO' group, which will affect the 
second group in a manner which decreases with the length of 
the carbon chain. It is shown that d, the length of the carbon 
chain for C,, is 7*8 x 10“* cm.; for C,, d - 5’3 x lO"*; and 
for C,, d - 3*8 X io“*cm. The calculated values, assuming 
ACH| X 1*25 A, should be 11*25, 6*25, and 3*75 respectively. 
The divergence between the two sets of figures is conceivably 
due to the bending of the carbon chain. 

Walden and Ulrich (Z/. Phys. Chem., 1923, 108, 49) have 
made measurements of the conductivity of a number of salts 
at 0“, 18®, and 100° C., and find that the mobility of the picrate 
ion, over the range of temperatures investigated, obeyed with 
sufficient accuracy Stokes' law. The increase in mobility 
with rise in temperature is due to changes in the fluidity of 
water. 

Monochloramine NH,Cl.—Markwald and Wille (Ber., 1923, 
58, 1319) have succeeded in isolating this interesting substance 
from a 10 per cent, aqueous solution by desiccation of the 
vapour and its condensation in a U-tube surrounded by liquid 
air. It is a colourless crystalline substance, m,p. - 66^, decon^ 
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semetimes explosively, «t • so* into nitrogen, chlorine, 
•nd ammonium chloride. 

Stlmium Trioxide .—^Many attempts have been made to 
pKpare the selenium analogue of the trioxide of sulphur, but 
witnout success. Worsely and Baker {J.C.S., 1923) nave now 
inrepared this substance by subjecting metallic selenium in 
solution in the oxychloride of selenium to the action of 
ozone. It combines with dry hydrogen chloride to give 
chlorselenic acid. 


BZOOXSmtTBT. By R. Ksitb Carnak. M.Sc., University College. 
London. 


The Eleventh International Congress of Physiology attracted 
to Edinburgh last July some five hundred workers representing 
twenty-two countries. This—^the largest congress yet held— 
gave almost the first opportunity since the war for a personal 
exchange of views between physiologists and biochemists of 
different countries. The opportunity was not neglected. A 
long programme of demonstrations and communications 
included much work of direct biochemical interest which, 
however, apart from that which has already app>eared in the 
literature, was not of a nature capable of brief review. The 
subject of diabetes and the physiology of insulin was, naturally, 
much to the fore. Another significant feature was the growing 
tendency to turn to physico-chemical theories in the elucidation 
of biochemical problems. 

The Neuiraliiy of the Blood .—The difficulties connected with 
the vital control of the reaction of the tissues and body fluids 
continue to attract research workers. From the broad generali¬ 
sations of the earlier investigations we are moving surely towards 
a more careful and quantitative definition of the many factors 
involved. It has been necessary to recede somewhat from the 
view that the reaction of the blood is incapable of appreciable 
alteration in life. Thus, a pH of 7-05 has been recoraed in a 
ncHtnal individual after a short bout of strenuous exercise 


(Barr, Green, and Hamwich, Jour. Biol. Chem., 1933, 68, 495), 
whilst Davis, Haldane, and Kennaway report a blood pH of 
7*85 after forced breathing in man {Jour, Physiol., 1920, it, 33). 
The carriage to the lungs of the carbon dioxide constantly 
nroduced by the tissues is, of course, the function by which the 
Duffering efficiency of the blood is chiefly tested under normal 
conditions. The predominant part played in this by 
hasntoglobin is now well established. The removal of oxygen 
from the blood by the tissues involving the change from the 
aieid, oxyhsemoglobin, to the weaker add, hsemc^bbin, must 
libimtO, at constant reaction, some base which will beoome 
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available for neutralisation of the incoming carbon dioirii^. 
The excess of the latter not so neutralised will, by a reduction 
of the pH, increase the dissociation of the oxyhasmoglobin and 
so render available at the same time more oxygen to the 
tissues and more base to the carbonic acid. Thus hasmoglobin 
functions as a buflFer, firstly by loss of oxygen—isohydrically— 
and secondly, together with the phosphates and serum proteins, 
under the influence of a change in hydrogen-ion concentration. 
Summing these two effects, Van Slyke, in an able review of the 
subject {Physiol. Reviews, 1921, !• 141), has calculated that the 
base liberated by the hamoglobin in the change from arterial 
to venous blood is sufficient to account for about 84 per cent, 
of the bicarbonate of the latter. Recently Doisy, Briggs 
Eaton, and Chambers {Jour. Biol. Chem., 1922, 64> 305) have 
carried out a careful evaluation of the buffering systems of the 
blood which, in spite of the crude assumptions essential to such 
a project, provides a summary worthy 01 quotation. 

Carbon dioxide carried by buffer systems studied in blood 
of W. H. C. {Jour. Biol. Chem., 1922, 54 305): 



Vol. 

fwr Cant. 

Par Cant, 
of TotaL 

Total CO, carried for R.Q. of 075 • 

4*23 

— 

BHCO, carried isohydrically, BHbO, HHb 

BHCO, carried by change of pH— 

2*262 

53-5 

By hemoglobin : BHbO, HHbO, 



BHb n^HHb . 

1*070 

253 

By BjHPO, in cells .... 

0*012 

0*3 

By separated serum .... 

0*198 

47 

CO, physically dissolved .... 

0*3X1 

12*1 

Sum, per cent, of total . . . ... 

4-053 

96*0 

Per cent, of total carried by hasmoglobin 


78*8 


pH (recalculated) of arterial blood . . 7-310 

pH (recalculated) of venous blood . . 7-280 


The significant fact emerges, therefore, that the main buffer 
of the blood is contained wholly within the corpuscles. Although 
the corpuscle is freely permeable to carbon dioxide, only about 
half of the 84 per cent, of the total carbonic acid for which the 
hemoglobin supplies the base is carried within the corpuscle. 
Since the corpuscle is imi>ermeable to the cations present, it 
follows that some acid must diffuse in from the serum to mute 
with this base and make room in the serum for the incomii^ 
carbon dioxide. It is now accepted that it is hydrochloric 
acid which migrates. Doisy and Becknaann {Jour. Bid. Ch$m., 
1923, 64, 883) have shown experimentally a difference between 
the concentrations of plasma chlorides of arterial and venom 
blood. It has been calculated (Doisy and others, Jottr. Bid. 
Chem., 19^2, 65, 61) that of the totid base furnished by the 
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blood in changing from a pH of 7*45 to one of 7*25 to form 
serum bicarbonate, 80 per cent, is obtained by the migration 
into the corpuscle of hydrochloric acid. The phenomenon 
receives a plausible explanation in terms of Donnan's theory of 
membrane equilibria (Warburg, Biochem. Jour., 1922, 16, 153). 

The part played by the kidney in regulating blood and tissue 
reaction has been extended by the observation of Nash and 
Benedict (Jour. Biol. Chem., 1921, 48, 463) that the kidney can 
produce ammonia to neutralise excess of acid, and thereby 
enable the latter to be excreted without loss of base to the body. 
Thus is the liver—^that much-overworked organ—^relieved of 
one more of its manifold functions I 

J. B. S. Haldane and his associates have indicated an inter¬ 
esting relation in urinary secretion. Administration of alkali 
to an animal may result in the excretion of considerable amounts 
of bicarbonate in the urine, but these workers show that the 
chloride excretion is correspondingly reduced, so that the com¬ 
bined urinary Cl' and HCOs' shall not exceed a concentration 
of 0-3 normal (Jour. Physiol., 1923, 67, xli). 

The Physiology of the Sulphur Bacteria. —notable con¬ 
tribution to biochemistry will be found in a recent study of 
a member of the group of sulphur bacteria —Tkiobacillus 
thio-oxidans. In a series of papers S. A. Waksman and his 
co-workers report researches on the isolation, culture, and 
morphology (Jour. Bact., 1922, 7, 231, 239, 605, 609; and 
Soil Science, 1922,18, 329I, and on the physiology (Jour. Gen. 
Physiol., 1923, 6, 28s) of this fascinating organism. Originally 
found in soil and rock phosphate composts, thio-oxidans was 
successfully isolated in pure culture and grown in a simple 
inorganic medium. It derived its energy chemosjmthetically 
by the oxidation of sulphur or thiosulphates to sulphuric acid, 
the optimum reaction for growth being in the neighbourhood 
of pH 2-5. An active culture may attain a reaction of pH o*6, 
and the organism will grow in normal sulphuric acid I The 
author believes that no other authenticated case of an organism 
so resistant to acid has been reported till now. An organism 
capable of deriving its energy from sulphur, its carbon from 
carbon dioxide without the intervention of light, its nitrogen 
from ammonia, and whose mineral requirement is small—this 
il an intriguing subject for biologists. As Waksman suggests, 
tkio-oxidans may well represent the type of some of the earliest 
forms of life on this planet. 

A study of the quantitative relatioxis between sulphur 
coidised and carbon dioxide assimilated leads Waksman to 
calculate an efiiciency of 6*65 per cent, in the process of carbon 
fosimilation. It is interesting to compare this with the efficiency 
if 5 per cent, found by Meyerof for the two other autotrophic 
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bacteria-othe nitrate and the nitrite bacteria—and with tha 
value of 0*5 to 3 per cent, derived from studies of the higher 
photosynthetic plants. Apart from the intrinsic interest of 
this study and of the possible practipil value to the agriculturist, 
it will perform a further service if it direct the attention of 
biochemists to the neglected problems of the metabolism of 
unicellukr organisms. 

Tht Anti-rachiiic Factor and the Action of Light in the 
Prevention of Rickets, —^The competing views of the aetiology 
of rickets seem to be drawing into a measure of sympathy as a 
result of studies of the relation of light to the prevention of this 
condition. Whilst Mellanby has held that rickets was a purely 
deficiency disease {Med. Res. Spec. Rept. Ser. No. 61* 
the Glasgow school were of the opinion that its cause was to be 
found in confinement and defective hygiene generally {Lancet, 
1922, 1594). It would appear that both factors are involved. 
As long ago as 1912 Raczynski {Compt. rend. soc. Ass. intern, 
de pediat., 1912, 308) showed that lack of sunlight was an setio* 
logical cause of rickets, and quite recent work has confirmed this 
again and again. The active rays seem to be somewhere in the 
ultra-violet region, about 300 ;»/* or shorter (Hess and others, 
Proc. Soc. Exper. Biol, and Med., 1923, 80, 14). Goldblatt 
and Soames {Biochem. Jour., 1923,17, 294) find, however, that 
irradiation of animals by the mercury vapour quartz lamp will 
not completely replace the fat-soluble vitamin in growth or 
development. There is still a requirement, reduced in amount, 
for the anti-rachitic factor. On the other hand, Sherman and 
Pappenheimer {Proc. Soc. Exper. Biol, and Med., 19^1, 18» 193) 
find that lack of this factor results in, rickets only when there 
is a simultaneous disproportion in the dietary calcium and 
phosphorus. It is to be noted in this connection that Kram^ 
and Howland {Johns Hopkins Hasp. Bull., 1922, 88, 313) have 
found that the calcium and phosphorus content of the blood 
on a diet deficient in these elements is increased by exposure 
to sunlight. 

The view of McCollom and his associates {Jour. BM. Ckem., 

1922, 88, 292, 505) that the anti-rachitic factor is distinct from 
the fat-soluble growth factor is gaining ground. At the same 
time, there is a feeling that they are in some way related to 
one another. Thus Zucker {Proc. Soc. Exper. Bird, tuid Med,, 

1923, 80, 20) finds them both in the cholesterol-firce, un- 
saponifiable matter of cod-liver oil. Further, Hume has shoWa 
that ultra-violet light retards the onset of the symptoms of 
deficiency in the growth factor, as it does in the case of tiss 
anti-rachitic factor. In the latter connection an amusb^. 
observation is reported by Hume and Smith {Biodhpm, 

1923, 17, 364). They found that animals placed in jars tk* 
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inMde of which had previously, been irradiated with the mercury 
vapour lamp achieved a measure of protection against deficiency 
ki vitamin A. No protection was. afforded to animals kept 
hi jars through which irradiated air was drawn. Confirmation 
and interpretation of this surprising result are awaited with 
interest. It seems probaUe that both light and the anti¬ 
rachitic factor function in the prevention of rickets ; probably 
by maintaining efficiently a normal metabolic process connected 
with the utilisation of calcium and phosphorus. 

Bone Fortnation. —An interesting paj^r by Robison {Biochem, 
Jour., 1923, 17, 286) continues the study of the hexose mono- 
phosphoric ester recently isolated by him. Robison hds followed 
the distribution in the tissues of an enzyme which hydrolyses 
the soluble calcium salt of this acid with the precipitation of 
calcium phosphate. All ossifymg cartilage tested contained the 
enzyme, and the only other tissue to give appreciable results 
was the kidney. Again, whilst most tissues are capable of 
hydrolysing one phosphoric acid group from hexose diphosphoric 
add, only ossifying cartilage and kidney were found capable of 
removing the second with ease. The significance of this enzyme 
in the process of ossification is discussed, and some interesting 
preliminary experiments in this connection are described. It is 
reasonable to wonder by what steps this study may become 
linked up with the problems of the aetiology of rickets discussed 
above. 

Tissue Respiration. —Further publications from Prof. 
Gowland Hopkins’ laboratory continue the elucidation of the 
function of glutathione in cellular respiration. The constitution 
of this dipeptide of glutamic acid and cystine has now been 
fuHy worked out {Biochem. Jour., 1923, 17, 586). A study of 
the kinetics of the reduction of methylene blue by glutathione 
yields the fact that the reaction is autocatalytic, and the authors 
are led to the conclusion that the oxidised form of the dipeptide 
catalyses the reduction of methylene blue by the reduced form. 
Further, the oxidation of the reduced form by atmospheric 
oagfigen is catalysed by the oxidised form {Proc. Roy. Soc., B, 
in* 192^, 266). This paradoxical behaviour is probably to 
be explained by the formation of a compound of the reduced 
form (R-SH) with the oxidised form (R-S-S-R), which is more 
Mtive than the free molecule RSH. 


iDdinUXAOT. By A. Scorr. ILA., D.Sc. 

mteresting results have been obtained by G. W. Uotey 
aaii N. L. Bowen (Amer. Jour. Sei., 4 , 1,1932) in an investigation 
melting phenomena of potash fekpar. When speomens 
dC mineral, either natural or >^ynthetic, are bMted to 
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temperatures above i,3oo*C., a glass is apparently formed. 
On careful examination, however, lines suggestive of some 
crystal structure can be detected in this glass and, by heating to 
Mgher temperatures, skeletal crystals develop, which in turn 
give rise to spherical grains of leucite. Orthoclase, therefore, is a 
compound with an incongruent melting-point, and in this respect 
differs from the corresponding soda-felspar, albite. At a 
temperature below 1,200® C. the former breaks up to give a 
mixture of solid leucite and a glass. The importance of these 
facts in connection with the origin of certain types of igneous 
roclc, such as nephelite-syenite, is discussed by Bowen. It 
is possible that leucite and quartz, the former as phenocrysts, 
the latter as groundmass, may coexist in certain rocks ; thus 
the pseudoleucite of borolanite may have originated. It may 
also be remarked that the physico-chemical possibility of the 
co-occurrence of leucite and quartz is not in favour of the use 
of the so-called “ saturation principle " in rock classification. 

In a paper on the structure and polymorphism of silica, 
R. B, Sosman {Jour. Franklin Inst., 194, 741, 1922) endeavoiw 
to find a series of hypotheses which will explain the properties 
of the various forms of this oxide. At the present time the 
only one of the seven crystalline modifications of silica, which 
has been investigated by means of X-rays, is the low temperature 
form of quartz. The author rejects the structure advocated 
by Bragg (AT-roys and Crystal Structure, 160, 1915) in favour of 
that advanced by Beckenkamp {Zeit. anorg. Chem., 290, 
1920). According to the last-named the atoms of a crystal ox 
quartz are arranged in the form of a helix, there being nine 
atoms (three SiO, triplets) in one complete rotation, the 
dextro or lavo nature of the crystal depending on the type of 
rotation, whether right- or left-handed. This SiO* triplet is 
supposed by Sosman to maintain its individuality in the vaiioitt 
crystalline forms of silica as well as in the amorphous forms. 
The differences between quartz, cristobalite, and trid3rmite are 
presumed to depend on different arrangements of the triplets, 
while the reversible transformations are considered to devdop 
as the result of internal changes in the triplet whereby the 
relative positions of the constituent atoms under^ alteration. 

The systems silica-strontium oxide and silica-^rium oadde 
have been investigated by P. Eskola {Amer. Jour. Set., 4» 3 II, 
1922), who compares the results obtained with those for the 
corresponding system, lime-silica. Strontia forms two com- 
pounefr with silica, the orthosilicate Sr,SiO* and the metasiliicate 
SrSiO^. Each of these exists in only one modification, the 
metasilicate being isomorphous vath a-calcium metasilicate. It, 
is therefore probably monoclinic, but in its properties it appeara 
to be dihexagonal pyramidal. Barium oxidie forms 



ItlttiftAUDdY 


If; 



sliilds witk sttt(»--4»rimn orthosilicate (Ba^SiOJ, heitam 
Jlieate (BaSiO^),dibaiiamtrisilicate (BaySiaO,),and banuioi 
^i^»te (BaSigOf). While in general the binary systems of 
^Mse compounds in order show simple eutectics, in one case, 
BdaSiaO, and BaSisO,, there is complete isomorphism, the 
dttamm corresponding to Roozeboom's t3rpe I. 

mrontium metasilicate is found to give a complete series 
Of Solid solutions with calcium metasilicate, the s^tem 
cjoirespondii^ to Roozeboom's type III and showing a minimum 
On Uquidus and solidus. On the other hand, there b no 
bomoi^hbm between barium metasilicate and the corresponding 
strontium and calcium compounds, but in the latter instance a 
double compound, dicalcium barium trisilicate (Ca,BaSi,0,l, b 
f(»tned. No trace of compounds analogous to diopside could be 
found. The barium analogue of anorthite was also prepared, and 
It was demonstrated that the apparently orthorhombic nature 
of the materbl described by Fouqui and Michel L^yy (Bw//. Soe. 
Min. Fr., 8> 125, 1880) was due to Carbbad twinning. The 
ocuresponding strontium compound b very similar to anorthite. 

In a paper on “ The Reaction Principle in Petrogenesb," 
N. L. Bowen {Jour. Geoi., 80, 177, 1922) concludes that eutectic 
tSlationships are relatively unimportant in igneous rocks, and 
that many of the structures which have hitherto been regarded 
Sis indicative of the existence of eutectics can be expbined on 
tlw basb of reaction between liquid and crystal phases. These 
Ireactions are characterbed as continuous in those cases where a 
ri^ular variation in composition occurs during the formation of a 
Santeral by the interaction of already formed crystab and the 
tai^ual magma, as in the case of the plagiocbses. Where the 
Itdismge in compmition b not continuous, as in the ferro>m^- 
lieslan series, olivine-pyroxene-homblende-mica, the reaction 
b classed as dbcontinuous. For example, graphic intei^rowths 
of quartz and febpar are supposed, in some cases, to arbe from 
the reaction between already formed quartz and the remaining 
inolten material, while an analogous explanation of intergrowths 
■M sidnel and pyroxene b suggested. 

tn a paper on the behaviour of inclusions in igneous magmas, 
|f. 1.. Bowen (/oar. Goo/., 80, 513, 1923) rejects the theory Of 
foagmatic superheating as a factor in the solution of inclusions, 
liiiaead, he reg^ds the phenomena as explicable on the basb of 
i^feaction principle mentiohed above. The products formed 
|l§pig the interaction of the magmas and the inclusions depend 
■ position of the minerab in the latter in the reaction 

'ISddei vdth respect to the magma. Thus olivine and p3rroxene 
^ipanitic magma saturated with mica may give r^ to the 
^^ent member of the series, biotite. This princ^ b 
to basic nnqpnas as wall as to add. 
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Amo^ recent papen on minerak^ the following nui^r IM 
noted. R. Seeliger (PAys. 88. rpaO has inirest!|ji|M 
the absorption of gases by chaMsite. the formatiim m 
aluminium phosp^tes by the interaction of phosphate sokitioiit 
and fekpar is described by H. Leitmeier and H. Hellw% (Pasi* 
sehrift C. DoeUtr, 41, 1930), while £. Dittler {ibid,, 15, i9ao| 
has described some experiments on the formation of nfoku 
silicates. A copper aluminate allied to the spinels is descrfoed. 
by J. A. Hedvall and J. Heuberger (Zeit. anorg, Chtm., UA 
137, 1921). In a paper on the formation of smirgel, K. Waither 
{Ztii. detU. geol. Uts., 78 > 316, 1921) mentions the occurrenoe 
of a monoclinic mineral of the composition 
indicating the dimorphism of this compound. W. Eitel (iVsiMs 
Jithrb. Min., B.B, 47 . 201, 1922) has undertaken a statistical 
study of the published analyses of alkaline and aluminous 
hornblendes, and has discussed the relationships between tho 
amphiboles and pyroxenes. 

In a further paper on the origin and constitution of tfao 
natural sulphates of iron, R. Scharizer (Z$it. Kryst., BBt 400, 
1923) considers the double salt, metavoltite, to be a douUe 
sulphate of potassium and iron. The nature of the inclusions 
in fluorspar and their relation to the colour of the mineral is 
discussed by H. Steinmetz (ibid., 88. 330, 1923). C. Weigel 
(ibid,, 58 . 183, 1923) has investi^ted, as a sequel to certain 
conclusions from an earlier paper on the water in zeolites (Afas. 
in Cent. Min., 161 201, 1922), the conduction of electricity la 
minerals of this group. 

In a study of the weathering of certain rock types in Sotdli- 
West Africa, £. Kaiser (Zeit. Kry^., 58 » 125, 1923) finds that 
kaolinisation is the most important process, accompanied oftea 
by local silicification through the action of the sipai which fo 
set free. There is no hydrolytic Ineak-down of silicate as fai 
more humid climates. 

Data for the optical dispersion of three intermediaite 
plagiocl^es are given by S. Tsuboi (Miner. Mag., 81 93, ipsi). 
who utilises the results as a method of discriminating 
plagioclases (t&td., 86, 108, 1923). The optical propeitki* 
of andesine have been determined by F. Beace (Tseker. Mim* 
MiU., 86, 31, 1921). A micrometric study of the proporilM 
of plagioclase in a number of perthites lua been carriedfaia 
by P. Tschiryinsky (Zet/. Kryst., 67 , 359,1923). By comWilhg 
the results with a critical examination of the chemical data iw|^ 
ing to orthoclai^ and plagioclase in granitic rocks, it is cbw^pliil ’ 
that the relative amounts are approximately equkmdeiililV. 
thus agi^ing with Vogt's diagram (ef. P. Ni^h, 

1923). The xenocrystic origin of ^dote in oertaih gaimmlt.' 
roda IS described by U Duparc Sac, fr. # 
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C. S. Gftmett (Mintr. Mag., 80^ 54, 1923) fio^ tliat 
timer laboratory conditions dolomite does not dmo^te in 
tiio ^tinct stages, but appears to lose its carbon dioxide as a 
si^le substance. 

MOXOOT. By G. W. TyaRBix, F.G.S.. A.R.C.Sc., Univenity, Glsigow. 

Earth Siructurt and Orogeny .—In L. Kober’s book Der Ban der 
Erde (Berlin, 1921, pp. 324) we have what is probably the most 
Mgnincant essay on general earth structure and orogeny since 
Suess's AtUlitz der Erde. It is impossible to deal adequately 
with Kober’s great conception within the limits of one or two 
paragraphs. The reader is therefore referred both to the 
original and to two short but excellent summaries (C. R. 
Longwell, “ Kober’s Theory of Orogeny," Bull. Geo*. Soe. 
Amer., 9 i, 1923, pp. 231-42 ; O. H.T. Rishbeth," The Structure 
of the Earth, A New Theory," Discovery, July 1923, pp. 17t~S)» 
of which Longwell’s is the more technical and Rishbeth's the 
more popular exposition. 

Stated very briefly, Kober’s theory is that the history of 
the earth is one of continuous reaction between relatively solid 
continental nuclei, and narrow, relatively weak, intervening 
aones, which completely ring them round. The latter form 
the orogenetic zones, which begin as oceanic geosynclines, are 
later pressed up into fold-mountain systems, and by final 
collapse and suteidence, revert again into geosynclinal depres¬ 
sions, dragging down with them strips of the marginal forelands. 

shows that the majority of the great tectonic lines are 
ranged concentrically round the continental blocks, the centres 
of which are p^manent units of the earth’s crust. The sites 
of the geosynclines and fold-mountain ranges vary from time 
to time, but are always marginal to the nuclei. Occasionally 
two or more of the blocks are welded together, as are Europe 
and Asia together possibly with Africa, at the present time. 

Kober’s theory of orogeny is expounded in the book 
tinder consideration with particular reference to the Alpine 
•yistem; it is applied in great detail to the Alps in his utter 
atafk, Boh und Entstehung der Alpen (Berlin, 1923, pp. 283). 
Ift opposition to the prevalent view of the asymmetric structure 
dt<^d-mountain ran^ ^following Suess), Kober advocates a 
b^tenl symmetry. By the pressing together of the continental 
IdfiHdb the material of the plastic intervening orogenetic zones 
ll ^l^ltieezed out over the edges of the opposing blocks, giviiu; 

to oiore or less parallel fold-mountain ranges, situated back 
against their^pective forelands. Thus 
1% town » believed to be bui» of a northern member, 

ql the Betic Cordillera, Pyrenees, Alps, Carpathians, 
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jBilkaiis, ami Cftuai»u»« in which the movements ^/rtxt dhsMlidi 
towmr^ a norti^rn foreland; and a southern memlwr, 
consisting of the Atlas, Apennines, Dinarides, HellenideS, 
Taurides, and the Iranides, in which the mountain arcs advanee 
against the southern foreland of Africa and Arabia. Where the 
bilateral symmetry is most pronounced there may be a broad 
intermontane region {Ztvischengebirge) between the marginal 
ranges, g.g. the Hungarian Plain between the Carpathians and 
the Dinarides. 

Kober applies the same structural conception with con> 
siderable success to other fold-mountain belts ; but in one at 
least, the Rocky Mountains and Sierra Nevada of North 
America, he has made serious errors in interpretation, as k 
pointed out by some of the American commentators on his 
theory (see Longwell, supra ctU). 

The necessary energy for these enormous movements is 
derived by Kober from the contraction of the earth, which 
brings the relatively solid earth-nuclei crowding towards one 
another at intervals. 

Students of American mountain structures have recently 
taken part in a very interesting symposium on the structure 
and history of mountains, and the causes of their development, 
which has been centred about Kober’s book. (BuU, G^, Soc, 
Amsr., 8A No. a, 1923.) The first paper of the symposium 
is C. &huchert’s Presidential Address on “ Sites aiM Nature 
of the North American Geosynclines (ibid., pp. xs 1-430). 
According to Schuchert, geosynclines are more or less long, very 
mobile, sinkii^ areas which originate within a continental 
block, not on its margins, but between a rising borderland and 
the practically neutral nucleus of the continent. Mediter* 
raneans, on the other hand, are vastly greater fields of dhs* 
strophism with long and intricate geological histories (*4^. the 
ancient Tetl^}. They appear to be equivalent to the orofeiBS 
of Kober. This important paper is illustrated by seventaab 
most instructive pal^geograpmc maps of North America. 

Prof. W. H. Hobm will have none of Kober's bilatecal 
symmetry theory of mountain structxuc, which he describes bs 
a reversion to the earlier ideas of Escher and Heim {" IPbe 
Asiatic Arcs,” ibid., pp. 243-53). In this paper Prof. 
further explains his views, developed recently in his now: 
Earth Evolution and its Faeim Expression, that folded mosuriidlli 
arcs are due to compressive stresses coming from the front: mid 
below the convex side of the arc, not from the rear and al0Nim» 
according to the current idea (see Sciemcx PnoGStmta, JamMlSf’ 
1923, p. 493). In the penultimate paragraph of this reviek llil 
word " accurate ” should be “arcuate.” (^ also amriaib|i 
Hobbs’s book by £. Blackwelder, Joum. Gsat., Jbiiliil 
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Aj^tachian structures are dealt with hy J. B. Wo odw ork 
f* Cros9<section of the Appalachians in Southern New Enaiand,** 
md., 2SS-62) and by A. Keith (" Outlines of Appakchian 
Staructure,” ibid., pp. 309-80). The latter author revieuni 
oirrent orogenic theories, such as contraction, sulM>ceanie 
Spreading, isostasy, geosynclines, and continental creep, in a 
very bold and trenchant manner. Keith finally adopts the 
view that batholithic intrusion, actuated by gravity movements 
in the sub-oceanic crust, is the immediate cause of mountain 
building. “ These [batholiths] furnished the heat and force 
required, were of adequate power and bulk, and accord remark¬ 
ably with the varied phenomena of the [Appalachian] system, 
botn in space and in kind [sic ; time ?],... [The theory] 
adopts many of the great facts and processes on which other 
theories are based, notably those of sub-oceanic spread and 
isostasy, and forms a consistent and reasonable whole. . . . 
Its results are related to the heavy masses of the earth, and 
not to meridians and parallels, so that no upsetting of earth 
constants is required.” 

Rocky Mountain structures are discussed by G. R. Mansfield 
(” Structure of the Rocky Mountains in Idaho and Montana,” 
wid., pp. 263-84), and by W. T, Lee (” Building of the Southern 
Rocky Mountains, with Notes on Isostasy by C. £. van 
O^trand, and on Elastic Yielding of the Earth’s Crust undo* a 
Load of Sedimentary Deposits by W. D. Lambert,” tMef., 
pp. 283-308). For the Northern Rockies Mansfield’s conclusions 
are that ” compressive stresses, originating in gravitative 
adjustments within the earth, and influenced to a greater or 
KWS degree by magmatic movements, were localised by the 
Iwavily loaded geosyncline, which became folded and over¬ 
thrust, producing high mountains that were subsequently 
penepUined. Later compressive stresses, originatii^ in a 
aiinikir manner but not localised by sedimentary accumulations, 
caused broad upwarpings and gentle folds which gave the 
mountains their present elevations.” 

W. T. Lee, however, holds that for the Southom Rockies 
there is insufficient evidence of lateral thrust of magnitude 

S at enough to account for the mountains by crustal snorten- 
. Field evidence, especially peneplains at 12,000 feet and 
r0.00o fwt, shows that they were formed chiefly by vertioU 


E. C. Andrews (” Contribution to the Hypothesis of 
Hotmtain Formation,^' ibid., 381-400) believes that the «on- 
titettttai masses have flowed or crept in undulations towards 
Ittm ocean deeps, especially the Pacific and the Tethjnsii 
jAiripn, This movement has produced earth ctests and troughs 
to become mutually supporting throuf^ the 
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tjoedittm of a lower zone of rock flowage. The continenti aft 
^coming more stable by the welding together of the mouirtaiil 
ran^ and the intervening troughs ; the ocean basins, top, 
tena towards a greater permanence. The present mountain 
ranges are due to a general pull by shrinkage of the sub-oceanic 
segments of the earth's crust. 

H. Stille’s address entitled “ Die Schrumpfung der Erde ” has 
been summarised by C. R. Longwell (j 4 mer. Jwr. Set., 6, 1933, 
pp. 168-72). He emphasises the rhythm of diastrophism, long 
regular periods of epeirogeny alternating with short spasmodic 
efusodes of orogeny. Stille finds the energy for these processes 
in the shrinkage of the earth ; and reaches a conception, very 
similar to Kober’s, of rigid plates of the earth’s crust adjusted 
to contraction by the buckling of intervening weak zones, but 
without sensible deformation of the plates themselves. 

In a recent pamphlet Mordziol {Die Gebirgsbildung der Erde, 
Leipzig, 1922, pp. 30), according to a note in the GeologiaU 
Magaeine (August 1923, p. 373), adopts a theory of mountain 
building which appears to be akin to Keith’s {supra cit.). He 
attributes orogeny largely to tangential thrusts produced by 
liquation and differentiation processes in magmas. 

In a paper on “ The Earth’s Crust and its Stability,” Prof. 
R. A. Daly {Amer. Jour. Set., 6, 1923, 347-71) shows that the 
pressures down to a depth of 100 km. have a practically negli¬ 
gible effect on the m.p. of diabase ; and as the temperature at 
40 km. depth is probably more than 1,200° C., the basaltic 
sub-stratum cannot be holocrystalline. Hence he conceives 
of a holocrystalline crust of definite thickness (40 km. in Europe) 
resting on a sub-stratum of hot basaltic glass. This view 
incidentally lessens the difficulties attending the idea of isostatic 
underflow in response to crustal loading. It also leads Prof. 
Daly to favour the Taylor-Wegener hypothesis of continental 
drift, with certain modifications. Various causes are consideied 
which may produce de-levelling and large-scale distortion of 
the earth’s crust, whereby sliding slopes may be generated 
for the lateral movement of thin crustal plates over the elastico- 
viscous sub-crust. 

In hb brilliant study of the causes of the surface movements 
of the earth’s crust {Phil, Afog., June 1923, pp. 1167-88; 
Nature, May 5, 1923, pp. 603-6) Prof. J. Joly has made a most 
outstanding contribution to the theory of epeirogenic and 
orogenic movements. He accepts a basaltic sub-crust, which 
he believes to be periodically remelted by the accumulation of 
heat generated by the radio-active substances always {uesem; 
Hk basalt. This heat ^comes sufficient to melt solid baifdt: 
already near its m.p. in about 35,000,000 years. At the cHmifi 
of this energisation of the ba»ltic sub-stratum the li|^lili|g 
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4Miitiiients will tend to sink deeper, with resulting oceanic 
tfansgressions over their borders. On the ensuing dissi^tion 
heat and the re-solidification of the sub-crust the continents 
will again rise. Thus is the major periodic epeirogeny of the 
earth explained. 

Orogeny is ascribed to intensified tidal phenomena in the 
basaltic sub-crust at energised periods. The tidal retardation 
of the thin solid crust upon the sub-stratum results in a 
westward lag of the continents, which tend then to yield along 
geosynclinal zones of weakness. The crushed geosynclinal 
sediments are forced both up and down in the crust ; the rising 
parts constitute the mountain chains, and the subsiding parts 
provide the isostatic compensation for the mountain uplift. 
East and west orogens like the Alpine-Himalayan system are 
explained as due to lateral movements of the continental 
blocks under the influence of tidal retardation ; in this case, 
a pivotal movement of Africa against Euro-Asia. 

In a suggestive paper on “ The Existence and Configuration 
of Pre-Cambrian Continents " {Bull. N. Y. State Mus., 289. 
MOk 1922, pp. 67-152) R. Ruedemann has endeavoured to show 
“ that the trend-lines of the folds of the Pre-Cambrian rocks, 
together with their foliation, schistosity, and the longitudinal 
direction of the batholiths, form a complex of phenomena that 
are causally connected, and that exhibit uniform directions 
over immense tracts of the earth. There are three such tracts 
of super-continental size which are termed Archi-America, 
Archi-Eurasia, and Archi-Gondwana. The same tracts appear 
as continents in early Cambrian times, and persist, more or less 
fractured, as fundamental units of the surface of the earth 
throughout geological time.” 

In a later paper on ” Fundamental Lines of North American 
Geological Structure ” (Amer. Jour. Set., 6* 1923, i-io) the 
tame author attempts to show ” that the original grain of 
the IVe-Cambrian foundation of the continent reappears 
in the main direction of the epicontinental seas, principally 
of the Palseozoic Era, in the present general strike of the rock 
formations, and in the major physiographic features of the 
continent, notably its general outline, the mountain systems, 
the principal river courses, and the major axes of some 
of tne Great Lakes.” These lines are arranged more or 
less concentrically around the North American continent 
Kober). 

In a paper to the Royal Geographical Society (Geogr. Jour., 
ifc i9*3» PP‘ #0-32) Prof. J. W. Gregory marshals the evidence 
show that the ^ograimical lines of the Banda arc are not 
dho to folding in the continuation of the Alpine-Himalayan 
but to arcuate subsidences, and to horsts whose 
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boundaries cut across the main E.-W. fold lines. The geological 
affinities of the islands are with New Guinea. 

F E. Suess gives a brief comparison between Alpine and the 
earlier Variscian structures {Geot. Rundschau, 14 , 1922, p. 2). 

Stratigraphy and Regional Geology. —Regional geological 
study in this country is furthered by the publication of several 
new Geological Survey memoirs (Geol. of Corrour and the Moor 
of Rannoch, Expl. of Sh. 54, Mem. Geol. Surv. Scotland, 1923, 
pp. 96 ; Geol. of Lower Findhorn and Lower Strathnairn, 
Expl. of Sh. 84 and part of 94, Mem. Geol. Surv. Scotland^ 
1923, pp. 128 ; Geology of Liverpool, Expl. of Sh. 96, Mem. 
Geol. Surv. England and Wales, 1923, pp. 178 ; The Concealed 
Mesozoic Rocks in Kent, by G. W. Larnplugh, F. L. Kitchin, and 
J. Pringle, Mem. Geol. Surv. England and Wales, 1923, pp. 244), 
and by the extremely useful long excursion guides which are 
published from time to time by the London Geological Associa¬ 
tion. Amongst the latter we notice two papers in which the 
geology of East Anglian centres is summarised (P. G. H. Boswell 
and I. S. Double, " The Geology of the Country around 
Felixstowe and Ipswich,” Proc. Geol. Assoc., 88, 1922, pp, 
28s -305 ; P. G. H. Boswell, ” The Geology of the Country 
around Cromer and Norwich,” ibid., 84 , 1923, pp. 207--2a). 
In the same series Dr. J. W. Evans describes the geological 
structure of the country around Combe Martin, North Devon 
(ibid., 88, 1922, 201-27); Dr. R. L. Sherlock deab with the 
geology of Lydford and Brent Tor, Devon (ibid., 84 , 1923, pp. 
21-32). 

In an important paper on ” The Base of the Devonian *' 
(Geol. Mag., 80 . 1923, 276-82; 33J-6; 367-72; 385-410) 
Dr. L. D. Stamp puts forward the thesis that the Ludlow Bone 
Bed is the true base of that formation. It marks a considerable 
change in physical conditions, which is noticeable elsewhere as 
an unconformity, and there is also a marked faunal chan|;e 
at this horizon. Physical breaks or unconformities occur in 
Scotland, Belgium, Brittany, Scandinavia, and Spitsbergen, 
on or near the same horizon. 

In a paper on the Liassic Rocks of Glamorgan, Dr. A. £; 
Trueman (Proc. Geol. Assoc., 88. 1922, pp. 245-8.D shows that 
they have been laid down on an irregular floor of Carboniferous 
Limestone and Old Red Sandstone. The Pre-Liassic landscape 
is being gradually exposed in South Wales by the removal of tfe 
softer Mesozoic rocks. Interesting littoral deposits occur within 
the formation just off the old shore-lines. 

Another Mesozoic section is described by L. Richardson ht 
ms paper on ” Certain Jurassic (Aalenian-Vesulian) Strata of 
Southern Northamptonshire ” (Proc. Geol. Assoc*, i 9 ^ 3 t 
pp. 97*113). , : 
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In discnssii^ the minor strucjtures of the London Basin, 
S. W. Wooldridge (Proc. Geol. Assoc., 84 i 1923, 175-92) shows 
that they present a well-marked plan governed by N.E.-S.W., 
and N.W.-S.E. fold and fault lines, and by a few N.~S. features. 
This plan is ascribed to the wrinkling of the Cretaceo-Tertiary 
cover resting on the London Palaeozoic platform, due to renewed 
movement along the dominant tectonic lines known to affect 
the Palaeozoic rocks in their nearest exposures. 

Lauge Koch has now published his new geological data upon 
ice-free Peary Land, in the extreme north of Greenland {Amsr. 
Joum. Sci., 6 . 1923, 189-99); and in another paper has given 
a general account of new features in the physiography and 
geology of Greenland {Joum. Geol., 81 » 1923, 42-65). The 
whole of Peary Land and the adjacent Mylius Erichsen’s Land 
belong geologically to a great area of Palaeozoic transgression 
comprising almost the whole of North-west Greenland and have 
been affected by folding which is a continuation of the great 
Caledonian system of Spitsbergen, Scandinavia, and Scotland. 
From his physiographic studies Koch shows that a great de- 
l^^sion crosses Greenland from Disco Bay to Scoresby Sound. 
The extremely important observation is made that the plateau 
basalt regions of Greenland are situated at the western and 
eastern ends of this depression, which is directly in line with the 
extension of the submarine basaltic plateau which connects 
Greenland through Iceland and the Faroes to the Inner Hebrides 
and Antrim. The theory that the depression is simply a direct 
continuation of the great Tertiary fracture-zone of the North 
Atlantic is adopted. 

Sedimentary Rocks and Structures. —In his Presidential 
Address to the Liverpool Geological Society Prof. P. G. H. 
Boswell {Proc. Liverpool Geol. Soc., 18 , pt. 4, 1923, pp. 231-303) 
gives a most valuable summary of the history of the petrological 
examination of sedimentary rocks from De Reaumur {1718) to 
the present time. He deals also with such topics as the mineral 
assemblages in sediments, and their aid in elucidating strati- 
graphical and economic problems ; the stability of minerals, 
and the prevalence of the stress-minerak (Harker) in sediments. 
A very full bibliography is appended, and there is an apprecia¬ 
tion, to be expanded in a later work, of some little-known 
continental work on sediments, especially Italian. 

In his paper on the petrography of the Cretaceous and 
Tertiary outliers of the West of England, Prof. Boswell (Quart. 
Joum. Geol. Soc., 78 , pt. 2, 1923, pp. 205-30) shows that the 
aiaterials of these formations are, on the whole, of similar 
t^racter. Their mineral assemblages differ from those of the 
Iham^n, Trias, and Jurassic of the West of England in that 
tlley contain more material derived from British and less from 
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Armorican rocks. Tourmaline, of all shapes, sires, and colours, 
is the most abundant mineral. It is obviously derived from tht 
West'Country granites and their aureoles. For some unkno^ 
reason garnet is very rare or absent in these deposits, despite 
its abundance in the igneous and metamorphic rocks of Devon, 
Cornwall, and Brittany, and its abundance in the Permian ano 
later sediments of the West of England. 

H. G. Turner and H. R. Randall, in investigating the 
microscopy of anthracite, have used a method of preparing 
specimens which, judged by the beautiful microphotographs 
they publish, has been extraordinarily successful (joum. Geol., 
U* 1923, 306-13). Small surfaces of anthracite are highly 
polished, heated in a drying oven at 220* C. to obviate splitting, 
and are then etched by momentarily applying the oxidising 
blowpipe flame. This results in differential oxidation of the 
various laminae and structures. The results show that an¬ 
thracite possesses all the essential characters and the same types 
of organisms as bituminous coals. 

Messrs. J. and J. R. Lomax have now fully explained the 
technique of the methods they employ to prepare thin trans¬ 
parent sections of coal 8 in. by 4 in. in area, and also relatively 
large sections of fragile coab (Bull. XIV, Lancs, and Cheshire 
Coal Research Assoc., 1923, pp. 24). 

In a study of stalactites and stalagmites carried on at the 
Experimental Mine of the U.S. Bureau of Mines, where these 
growths are forming under known conditions, V. C. Allison 
(Journ. Geol.,Zlt 1923,106-25) has developed an approximation 
method for determining their ages. This is expected to prove 
useful for evaluating recent geological and archaeological periods. 

E. M. Kindle continues his well-known line of research 
in writing on the nature of mudcracks and ripple-mar^ of the 
recent calcareous sediments of the Bahama-Florida region 
(Joum. Geol., SI, 1923, 138-45). 


VULMX FKTaZOXOar. By Cyril West, B. A. . D.Sc., Low Tempowtors 

Research Station, Cambridge (Plant Physiology Committee). 

The available data on the behaviour of plants and plant 
tissues when exposed to frosts or low temperatures have for 
the most part fc^n obtained by empirical methods, with the 
result that our knowledge of the actual physiological processes 
involved is extremely meagre. From the following brief 
summary of some recently published work it will be seen that 
in this field of research many interesting problexns await 
solution by the plant physiologist. 

The earlier literature bearing upon this subject b summarised 
by R. B, Harvey (" Hardening nocta» in Plants and DfrVelo|)* 
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ments from Frost Injury,” Ph. D. Diss. Univ. Chicago, October 
1918), who points out that in the resistance of plant tissues to 
£rosts or low temperatures the relative importance of such factors 
as undercooling of the tissues, mechanical injury of the cell by 
ice-formation, the actual freezing-point of the cell sap, and the 
precipitation of proteins through salting-out, has been in the 
past the subject of much dispute. Harvey describes in detail 
the results of frost injury to various succulent plants. One 
of the first indications of frost injury is the appearance of 
injected areas on the leaves due to the withdrawal of water from 
tKe cells, and the displacement by this water of the air in the 
intercellular spaces. In some plants the frozen cells are stimu¬ 
lated to abnormal growth, tumour-like outgrowths being 

E roduced similar in many respects to those produced in the plant 
y pathogenic organisms. In the case of the cabbage {Brassica 
tieracta) and tomato (Lycoptrsicum esculentum) he compares 
the resistance to low temperatures and to freezing of untreated 
plants and plants which have been ” hardened ” by exposure 
for a week or so to temperatures somewhat above the freezing- 

g oint. Cabbage plants which had been kept at 3® C. for 
ve days withstood exposure for half an hour to — 3* C., whereas 
the control plants were killed. Harvey believes that the main 
effect of the hardening process is to be attributed to a change 
in the proteins of the protoplasm, which prevents their precipi¬ 
tation as a result of the physical changes incident upon freezing. 
An increase in the amino-acid content of the hardened plants 
takes place, whereas the carbohydrate changes are slight. In 
this connection changes in the sugar content causing increased 
depression of the freezing-point, or the nature of the surface 
of the epidermal cells, which may affect undercooling of the 
tissue by the prevention of inoculation from ice formed on the 
surface (R. B. Harvey, ” Importance of Epidermal Coverings,” 
Bot. Caz., 67 . 1919, 441), appear to be relatively unimp>ortant. 
In a later communication (R. B. Harvey, “Varietal Differ¬ 
ences in the Resistance of Cabbage and Lettuce to Low 
Temperatures,” Ecology, 8. 1922, 134) similar results are given 
for lettuce. 

G. M. Tuttle (“ Induced Changes in Reserve Materials in 
Eveigreen Herbaceous Leaves,” Ann. Bot., 88. 1919, 201) and 
F. J. Lewis and G. M. Tuttle (“ Osmotic Properties of Some 
Plant Cells at Low Temperatures,” Ann. Bot., 84 > 1920, 40O 
measured periodically from autunm to summer the osmotic 
pressures, electrical conductivities, proportions of electrolytes 
and non-electrol3rte8, and the amounts of sucrose, maltose, and 
glucose in the leaf tissues of Picea canadtnsis, Linnata borealis, 
and other plants, and in the cortical tissue of Populus iremuloidis. 
They found no definite correlation between these values and the 
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daily or weekly fluctuations of air temperature ; the supan, 
however, showed a decided concentration during the winter 
months and a progressive decrease from the winter maxunum 
towards the summer. 

In addition they examined the microscopic structure of the 
mesophyll cells of Picea when subjected to the severe winter 
conditions obtaining in North-west Canada. The identity of 
the individual chloroplasts, which appeared as diffused masses, 
bright yellowish-green in colour, closely associated with the 
nucleus, was, completely lost. A large vacuole filled with oil 
or fat occupied the greater part of the cell. All traces of starch 
had disappeared during the autumn. The replacement by oil 
of the starch in the cell contents during the autumn months 
seems to be characteristic of most of the evergreen plants which 
occur in North-west Canada. The authors make the interesting 
statement that ice does not begin to form in living cells of 
Pyrola until a temperature below — 31® C. is reached. 

During the last few years the problem of hardiness in fruit 
trees, as indicated by their ability to withstand low tempera¬ 
tures, has received much attention. As a convenient physical 
measurement of hardiness of fruit buds, E. S. Johnston (" An 
Index of Hardiness in Fruit Buds,” Amer. Jour. Bot., 8 > 1919, 
373 ; also ” Moisture Relations of Peach Buds during Winter 
and Spring," Untv. of Maryland Agric. Expt. Slat. Bull., 85 ^ 
June 1923) has suggested that the ratio of water content to 
dry-weight might serve as a possible index. The same 
author (" Undercooling of Peach Buds," Amor. Jour. Bot., 8» 
1922, 93), using a thermo-electrical method, has obtained data 
during a period of several weeks (January to March) showing the 
average temperature at which crystallisation began (= under¬ 
cooling) and the average temperature-immediately after crystal 
formation (= freezing-point), together with the ratio of water 
content to dry-weight of fruit buds of two varieties of peach 
grown in the same orchard. The results obtained indicate a 
decrease in the hardiness of the fruit buds with the approach 
of spring. Johnston also presents data which show tnat wet 
buds freeze at a considerably higher temperature than dry buds, 
thus confirming the results previously obtained by West and 
Edlefsen (" Orchard Heating," Utah Agr. Coll. Expt. Sta. BuU., 
1917)- This result is of practical significance in that it 
indicates that a cold period following rain is especially dangerous 
to fruit trees. 

F. L. West and N. E. Edlefsen (" Freezing of Fruit Buds,'* 
Jour. Agric. Res., 20. 1921, 255) present the results of fieezing 
experiments with fruit buds of the apple, peach, cherry, and 
apricot extending over a period of seven years, and abo a 
record of the frosts occurring in orchards near Logan, Utah^ 
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during the sftme period. They find that the same buds show 
dhierent degrees of hardiness at different stages of developmenti 
these differences being attributed to changes in the quality 
and concentration of the cell sap. The safety limit for the 
buds when in full bloom appears to be about 29** F. 

As the result of an extensive study of hardiness of plum trees, 
M. J. Dorsey and P, D. Strausbaugh (“ Plum Investigations: 

I, Winter Injury to Plum during Dormancy,” Bot. Gas., 9 $, 
1923, 113) conclude that many factors are operating, and that 
different factors may be involved in different localities and with 
different species. Even in the same plant different tissues 
respond differently. According to these botanists a sharp 
distinction can be drawn between the fruit buds and the flower 
buds, as indicated by micro-chemical tests. When fruit buds 
were dissected and examined microscopically at a temperature 
of —14® F. it was found that, whereas the spaces between the 
bud scales were packed with ice crystals, causing the bud as a 
whole to appear swollen and distended, ice crystals were entirely 
absent from the bud space enclosed by the scales above and 
around the flower buds. 

H. D. Hooker (” Pentosan Content in Relation to Winter 
Hardiness,” Proc. Amer. Soc. Hort. Set., 1920, p. 204) and J, T. 
Rosa (” Pentosan Content in Relation to Hardiness of Vegetable 
Plants,” Proc. Amer. Soc. Hort. Set., 1920, p. 207), working 
respectively with fruit trees and vegetables (e.g. cabbage, lettuce, 
celery, tomato, etc.), set out to discover whether any correlation 
existed in these plants between winter hardiness and pentosan 
content. Their data show a marked positive correlation 
between the pentosan content of all the plants investigated and 
their resistance to low temperatures. The hypothesis is put 
forward that some specific pentosan functions in the plant tissue 
by holding water in the form of ” absorbed ” or colloidal water, 
and that such ” absorbed ” water is not frozen upon exposure 
to moderate freezing temperatures. 

No doubt owing to the feet that the potato crop often 
suffers severe loss on account of frost injury, the behaviour 
of the potato in relation to low temperatures has recently 
received the attention of several agriculturists in the United 
States. L. R. Jones, M. Miller, and E. Bailey (” Frost Necros 
of Potato Tubers,” University of fVisconsin Agric. Expt. 
Research Bull,, October 1919) state that when potato 
tubers are frozen solid they are killed and collapse on thawing ; 
if the treatment is less severe, the tubers may appear peiife^y 
sound externally, although when cut open they exhibit signs of 
intmial frost necrosis. The vascular tissues are more sensitive 
to frost injury than the parenchymatous ground tissue, dis- 
ooloratkm of the vascular network being usually the most 
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obvious change in the appearance of the tuber. The cbnditloiii 
necessary to produce frost necrosis are shown to be exposure 
to -io“C. for one hour, to -S®C. for two hours, or to -3*C. 
for several hours. The actual freezing-point of the potato 
lies in the region of — i®C., but owing to the phenomenon of 
supercooling the living tuber will often withstand long exposure 
to —3® C. without injury. The supercooling range appears to 
be dependent upon the air temperature and also upon the rate 
at which this temperature is dropped. Thus, at —3*5“C. the 
supercooling point approaches the air temperature. But if the 
air temperature is dropped slowly to -S*C. or below, it will 
approach — s®C., whilst if dropped rapidly to the same point, 
it will be much higher, namely, about - 3® C. The authors make 
the additional interesting point, that the sprouts arising from 
the tuber are more resistant to low temperatures than the tubers 
themselves. 

This question has been pursued farther by R. C. Wright 
and R. B. Harvey (“ The Freezing-point of Potatoes as 
determined by the Thermo-electric Method,” Bull. No. 895, 
[/.S. Dept. Agric., May 1921) and by R. C. Wright and C. F. 
Taylor ,(” Freezing Injury of Potatoes when Undercooled/' 
Bull. No. 916, U.S. Dept. Agric., June 1921), who by means 
of a thermo-electric method have determined the freezing- 
point of eighteen standard varieties of potato. They have 
also shown (i) that the freezing-point tends to rise as the 
season advances ; (2) that the freezing-point varies with the 
variety of potato tested ; (3) that in general early and mid¬ 
season varieties have a higher freezing-point than late varieties ; 
(4} that undercooling can be terminated at any point by 
inoculation ; (5) that the tubers freeze more quicidy when 
exposed to a rapidly falling temperature than when the 
temperature falls slowly, thus corroborating the findings of Jones 
and his co-workers ; and (6) that potatoes can be undercooled 
several degrees below their true freezing-point and then warmed 
^ain above the freezing-point without injury, provided no 
ice-formation takes place within the tissue. Wright and 
Taylor have extended their studies of the freezing-point to 
various fruits, vegetables, and cut flowers ; their results are 
presented in tabular form in Bull. No. 1133 0/ lAe U.S. Dept, 
Agric., published in February 1923. 

In the course of an address delivered before the National 
Academy of lienees and printed in vol. 20 of the Journal 
of Agricultural Researdi for 1920, 9 , 151, F. V. Colville en¬ 
deavours to disprove the generally accepted view that the 
dormant condition exhibited by most trees and shrubs in regions 
with a cold winter is brought about by low temperatures. 
He points out that trees and shrubs in cold climates may 
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become dormant at the end of the ^Mdng season without 
ejqpoattre to cold weather, and when maintained at a moderately 
high temperature during the winter months, resume growth in the 
spring much later than those which have been subjected for a 
given period to low temperatures. Colville advances the theory 
that the stimulating effect produced on dormant plants by 
low temperature is intimately associated with the transformation 
of storea starch into sugar, and that this change is brought about 
by the weakening of the cell-membranes, which become 
permeable to amylolytic enzymes, which can then act upon the 
starch grains stored in the cell. In support of this hypothesis 
experimental data are presented to show that growth may be 
stimulated in the absence of chilling by any process which 
will tend to cause local injury of the tissues, l^uning, girdling^ 
and notching may provide the necessary traumatic stimulus. 

The recent app>earance in the pages of this Journal of a series 
of articles by 1 . Jbrgensen and W. Stiles dealing with the 
scientific aspects of the preservation of fruit by cold storage 
(“ Some Scientific Aspects of Cold Storage,” Science Progress, 
^ SH : ^Iso 14 . 1919, 98) renders it unnecessary to deal 
here in detail with this subject. 

In order to ascertain what are the factors underlying the 
retardation of ripening and the temporary delay of autolytic 
decomposition of plant tissues at low temperatures, physiological 
work on cold-stored fruit and vegetables has consisted mainly 
of periodic chemical analysis of the cell contents ; and since the 
disintegration of carbohydrates and acids as a result of 
respiration and other metabolic activities involves the pro¬ 
duction of carbon dioxide, determinations of the carbon-dioxide 
output and oxygen uptake, and of the internal atmosphere of 
the plant tbsues at low temperatures, have been made. The 
results obtained have generally been compared with those found 
at ordinary temperatures. 

^ It should be borne in mind, however, that the success or 
failure of fruit and vegetable cold storage depends not only on 
the lengthening of their storage life, but also upon the main¬ 
tenance of such conditions as will allow the various physical 
and chemical changes which are usually spolun of as ” life 

E rocesses ” to proceed without interruption. The available 
terature provides many indications that at low temperatures 
the normal metabolic or enzymatic processes of plant tissues 
may be profoundly altered or easily thrown out of gear. 

Under the first category one may quote the remarkable 
fact brought out by Gassner’s work on several winter varieties 
of cereals (” Beitrfige zur physiologischen Charakteristik 
•ommer* und winter-annueller Gewfichse, inbesondere der 
Ottf cid e pfl a n wa,** ZiiUthr* fUr Sof,^ IQi 1918^ 41^)1 in whu^ 
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it is shown that the time of cuhn-fbnnation may be determined 
by the conditions to which the seed grain ^s been subi^edl 
during or immediately following germination. By exposing 
seeds of winter rye sown in the spring to a temperature of o* to 
—5®C. for twenty-five days, Gassner succeeded in obtaining 
plants with fully developed flowering stems the same year after 
as brief a growing-period as sixty-eight days. Plants developed 
from similar seeds not treated in this way produced flowerh^fj; 
stems the following year. 

Under the second category mention may be made of the 
marked deleterious effect upon such seeds as beans and peas 
of soaking them in water at low temperatures (F. Kidd and C. 
West, " The Influence of Temperature on the Soaking of Seeds,” 
New Phytologist, 17 « 1919, 35), and of the so-called physiological 
or functional disease of cold stored apples which is known as 
” internal browning ” (W. S. Ballard, J. R. Magness, and L. A. 
Hawkins, “ Internal Browning of the Yellow Newtown Apple,” 
Bull. No. 1104, U.S. Dept. Agric., October 1922). Again, at low 
temperatures apples have been shown to be more susceptible 
to brown heart, another functional disease, than at ormnaiy 
temperatures (F. Kidd and C. West, " Brown Heart—a 
Functional Disease of Apples and Pears,” Special Rpt. No. 12, 
Food Invest. Board, 1923). 

For an account of other recent work dealing with the changes 
occurring in various fruits and vegetables when kept at low 
temperatures, reference should be made to the following 
articles : L. A. Hawkins and J. R. Magness, ” Some Changes in 
Florida Grapefruit in Storage,” Jour. Agric. Res.,iKit 1920, 357; 
J. R. Magness, ” Investigations in the Ripening and Storage of 
Bartlett Pears,” Jour. Agric. Res., 10, 1920, 473 ; L. A. Haw¬ 
kins, ” A Physiological Study of Grapefruit Ripening and 
Storage,” Jour. Agric. Res., Si, 1921, 263 ; L. A. Hawkua, 
” The Effect of Low-temperature Storage and Freezing on 
Fruits and Vegetables,” Amer. Jour. Bot., 0 , 1922, 551 ; and 
E. E. Thomas, H. D. Young, and C. O. Smith, “ A Study of the 
Effects of Freezes on Citrus in California : II, Changes that 
take place in Frozen Oranges and Lemons,” Unto. Calijomda 
Agric. Expt. Stai., Bull., 804 , 1919, 299. 

nrroXOLOOT. By a. D. Imhs, D.Sc., Institute of Plant Paitbolo«|r, 
Rothamsted Experimental Station, Harpenden. 

Owing to the great number of entomological works that have 
appeared during the last nine months, it has only been possito 
to include a selection of those which have come to hsmd. 

General Entomology. —H. M. Lefroy has written a textbooih; 
entitled Manual op Entomology (Edward Arnold & Co., 35s. net)| 
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which is a systematic treatment of the various groups of imects, 
with special reference to the, needs of those interested in the 
applied aspect of the subject. We welcome the appearance of 
several new parts of Schroder's flandbuch der Eniomologie, 
which fully maintain the excellence of their predecessors. 
G. C. Crampton continues his morphological studies with 
unabated enthusiasm. In Can. Ent., 55 , 126-32, he deals with 
the sclerites and other parts of the insect-leg and discusses their 
terminology ; in /our. New York Ent. Soc., 81 > 77-107, he has 
a larger contribution on the maxillae throughout the Insecta, 
and has figured a very large number of representative t5T>es. 
The r 61 e of the taxonomist in entomology is the subject of an 
interesting address by A. B. Gahan (Proc. Ent. Soc. Washington, 
25 , 69-75), who concludes with a quotation from Pearl as follows : 
" It is the systematist who has furnished the bricks with which 
the whole structure of biological knowledge has been reared. 
Without his labours the fact of organic evolution could scarcely 
have been perceived, and it is he who to-day really sets the 
basic problems for the geneticist and the student of experi¬ 
mental evolution.” A. D. MacGillivray, in an article entitled 
" Landmarks in Insect Morphology ” (Ann. Ent. Soc. Am., 18 , 
77-84), makes some suggestive remarle as to the utilisation of 
definite morphological features when attempting to identify 
the various sclerites. The article is a pertinent one, for it is 
only by exact methods such as he advocates that progress is 
likely to ensue. We regret, however, that he sees.fit to introduce 
so many new terms, and rather doubt whether all of them 
are necessary. A translation of an important paper on the 
wing-venation of insects, by A. Lameere, appears in Psyche 

g Wt 123-30). R. A. Wardle and P. Buckle have recently 
rought out a textbook on The Principles of Insect Control 
(Manchester University Press), which is evidently a very clear 
and thorough exposition of the subject. 

Orthoptera. —Nl B. Tindale {Rec. S. Australian Mua., 2 % 
4 > 5 ~ 55 ) oeals with the M^ntidae, or praying insects, of Australia, 
a family which is evidently abundantly represented in that 
country. The known Australian species now number 76, 
including 4 genera and 16 species added by Mr. Tindale. One 
of the most interesting forms is Bolbe maia sp. nov., which is 
the smallest known mantis and attains a length of only 8 mm, 
Tindale mentions that it came freely to light in a camp and was 
so active that it was very difficult to capture ; it often seized 
lUes and other insects which had been likewise attracted. 
Another new mantid, Parhierodula majuscula, is probably 
the largest Australian member of the family, and the female 
measures 95 mm. long, while the outspread tegmina have an 
eiqpanse of 113 mm. A third species, Orthodera mimstralis 
26 
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Fab., seems to occur in all parts of the continent as sadl as bi 
Tasmania. It exhibits a wide range of variation vHUch has 
resulted in an extensive synonymy ; notwithstanding its wide 
distribution, it does not appear to have developed any clearly 
defined local races, unless the Tasmanian form is to be regarded 
as coming under that category. In BuU. Entom. Res., Ml 
31-9, B. P. Uvarov discusses the habits of the swarming locust 
Schistocera gregaria (peregrina), which is the only Old Worid 
representative of the genus. The locust Acridium flavivimbrs 
Burm. is regarded as no longer a distinct species, but as the 
solitary phase of the dimorphic species S. gregaria. Uvarov 
agrees with the conclusions of Vosseler that the migration of 
•S. gregaria, either as nymphs or adults, has nothing to do with 
need for food or with the search for new breeding-grounds, 
and a solution of the phenomenon is not yet forthcoming. 
Kunckel d’Herculais has observed, and Vosseler has studied 
more thoroughly, the extremely interesting colour changes in 
the individuals forming migratory swarms. These changes 
in S. gregaria are very pronounced, and Uvarov believes that 
they are in direct physiological connection with the maturation 
of the sexual products, and of the development and reduction 
of the fat-body. The life-cycle of this species is very poorly 
known, and its permanent breeding-grounds and the conditions 
under which breeding takes place are greatly in need of study. 
In Trans. Eni. Soc., 110-69, M. Burr, B. P. Campbell, and 
B. P. Uvarov have a paper on the Orthoptera of Macedonia, 
enumerating 108 species which they consider as representing 
the greater number of those inhabiting that country. Their 
paper includes 3 Forficulids, 8 Blattids, 5 Mantids, 14 Grylli&, 
39 Tettigoniids, and 39 Acridids. In their analysis of Hie 
Orthoptera they conclude that the fauna of these insects diflen 
profoundly from that of the rest of the Balkan peninsula, and 
closely resembles that of Western Anatolia. A recoid of 
considerable interest is the finding of Gryllc^laUa in California 
(A. N. Caudell, Can. Ent., 66 , 148-59), this remarkable hoMCt 
only being previously known from Alberta. E. Bt^p^n 
{Mem. Soc. Vaud., 5 , 177-243) has an illustrated paper on the 
ootheca, method of eclosion of the nymph, and the structure 
of the ovipositor in Mantis, Empusa, and Gonpflus. E. B. 
Fulton {Jour. Econ. Ent., 16 ,369-76) has conductedexperiments 
in order to discover a good poison-bait for the common European 
earwig. The most effective poison is sodium fluoride added to 
a suitable bait such as wheat oran sweetened with molasses. 

Coleobtera. —In Records Australian Mus.,B, 353-96, A. M. tea 
treats of the dung beetles of the sub-family ^prides, Wt ^ 
comparison with other parts of the world Australia is pomt 
in indigenous species of these insects. This, however, is scaretily 


ENTOMOLOGY m 

•urprising considering the dearth of larg^e indigenous mammals* 
i)ung bMtles of several kinds have multiplied with the distribu¬ 
tion of domestic animals, and many European species have been 
introduced. &veral of the genera are of exceptional interest, 
especially Macropocopris, species of which live in fur about the 
anal region of Marsupials, and have developed very powerful 
claws : one species, M. symbioticus, has iKen found in the 
cloaca of a wallaby. T. G. Sloane (Trans. Ent. Soc., 234-50) 
has a new classification of the great family Carabidse, which he 
separates primarily into six main divisions based upon charac¬ 
ters afforded by the coxal cavities. The metamorphoses of the 
&aphylinid Aleochara algarum, which parasitises puparia of 
Fucsllia marilima and other shore-inhabiting Diptera, are 
described by P. Lesne and L. Mercier (Ann. Soc. Ent. Fr., 01 , 
351-7). The dispersion of the Japanese beetle Papilla japonica 
in America is discussed by C. H. Hadley and L. B. Smith 
( Jour. Econ. Ent., 16 , 349-53). It appears that it occurred over 
less than one square mile in 1916, when it was first discovered 
in New Jersey. At the end of 1922 it extended over 773 square 
miles of New Jersey and Pennsylvania. 

Lepidoptera. —C. B. Williams (Trans. Ent. Soe., 207-33) 
discusses the subject of insect migration very fully, and points 
out how little we know concerning the factors which determine 
a species to migrate and the course taken during migration. It 
appears probable that some innate tendency to migrate must 
be present in the species concerned, but this will require a 
suitable concurrence of external conditions in order to develop 
Many species exhibit a tendency to go in a certain direction, 
but it is impossible to say at present what determines it. R. J. 
Tillyard (Trans. Ent. Soc., 181-306) has an im|}ortant paper on 
the mouth-parts of the Micropterygoidea, which include the most 
primitive of all moths, and concludes that the Lepidoptera 
are not derived from the Trichoptera, but both orders are 
descended from a common ancestral stem. G. Grand! (Boll. 
Lab. Zool. Portici, 17 , 3-40) continues his elaborate study of the 
post-embryonic development of the silkworm. The external 
morphology of the larval instars of the race " Treotti ’’ is fully 
described by him and a key to them is provided. 

DibUra. —T. D. A. Cockerell (Ent. News, 84 , 29) records the 
Leptid Symphoromyia being present in large numbers in 
^lorado and inflicting painful punctures with their mouth-parts. 
^ C. Shannon (Proc. Ent. Soc. Washington, 8B, 103-4) con- 
tribiM^s a note on rearing certain larval Diptera on nutrient 
ftgar. W. R. Thompson (tind., 33~‘44) writes on Masicera senilis, 
|i parasite^of the European corn-borer. The larva is one of those 
Tadlnids which attach themselves to a trachea of the host 
ligi’ ita posterior extremity. It becomes enclosed by a sheath 
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derived from the tracheal wall, within which it remains until 
the third instar. When it has arrived at the latter condition, 
it leaves the tracheal sheath and devours the viscera of its host, 
until only the empty skin remains. After it has finished feeding, 
it usually emerges from the caterpillar's skin, and pupates. The 
life-cycle of Miastor is discussed by R. G. Harris {Psych*, 80 l 
95-101), who points out that the non-psedogenetic larvae (i,*. 
those which pupate) are distinguished from paedogenetic larvae 
by the presence of imaginal buds, the sternal spatula, and in 
separation of the eyes. Among the paedogenetic larvae two types 
are recognised—the white and the yellow, which exhibit also 
certain correlated differences, 

Hymmopleva. — K. S. Buckhurst, L, N. Staniland, and E. B. 
Watson have written a short handbook on British Hymenoptera 
(Edward Arnold & Co., 9s. net), illustrated with text-figures and 
photographic plates. A. D. Betts {Practical Bee Anatomy, 
The Apis Club, Benson, Oxon) has produced an admirable up-to- 
date guide to the anatomy of the bee which will commend itself 
to all interested in the structure of insects. C. Morley {Ent. 
Month. Mag., 6B, October, 228-32) has a further contribution 
of his synopsis of the British Proctotrypidae. The structure of 
the head and mouth-parts of the hornet, along with their 
musculature, form the subject of a detailed paper by Brocher 
{Bull. Inst. Nat. Cenevois, 46 , 36 pp.). The life-history of the 
Braconid, Aphidius avence, which parasitises the nettle aphid, 
is described by E. I. MacGill {Proc. Roy. Soc. Edin., 48 , 51-71), 
Its primary larva is provided with a caudal prolongation which 
is also visible in the second instar ; the tracheal system is closed 
until the last instar, and pupation takes place within the skin 
of the host. This parasite appears to be most active in the early 
part of the year and is an important check on the increase of 
the aphid at that period, i.e. when the plants are young. As 
many as 83 per cent, of the aphids examined in April were found 
to support this Braconid : the parasitism went down to 
44 per cent, in May, to 37 per cent, in June, while in July 
it was also very low, and from August to January it did not 
exceed 33 per cent, in any one month. A more extended study 
of Braconids parasitic on Aphididae will be found in Ann. Ent. 
Soc. Am., 16 , 1-29, by E. W. Wheeler. H. Yuasa has brought 
out in Illinois Biol., Monograph 7, No. 4, the most important 
contribution yet made on tne larvae or saw-flies and their allies. 
More than 2,500 specimens of larvae, representing at least 40D 
species, have been examined and a good many species have been 
bred. The memoir contains a wealth of morphological and 
other information, and concludes with a classification of the 
Tenthredinoidea, based largely upon features afforded 1 ;^ the 
larval legs. The poison of amts forms the subject of an investi- 
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ntion by R. Stumper (Ann. Set. Nat. Zool., 10, 1922, 105-12). 
Formic acid appears to be constantly present in the Campo- 
notinae, while in the Myrmecinae and Dolichoderniae it is either 
wanting or negligible. The poison in the two latter groups is 
undetermined, but may be of an albuminoid nature. The 
biology of the Scelionid Rielia tnaniicida Kieff is discussed in an 
interesting paper by L. Chopard (Ann. Soc. Ent. Fr., 91 , 
249-72). This species, along with the Chalcid Podagrion 
pachymerum, which is also discussed, are parasites of the 
common mantis in France. 

Hemiptera. —F. Muir (Proc. Hawaiian Ent. Soc., 6, 205-47) 
has an important paper on the classification of the superfamily 
Fulgoroidea, among which he recognises 15 families. The 
author also briefly discusses the characters separating the 
Heteroptera from the Homoptera, and points out that the usual 
statement that the “ beak ” arises from the front or back of the 
head is incorrect ; similarly the tegminal characters do not 
always hold good. In the Heteroptera there is a well-marked 
G^la, the head projects forward, and the proboscis is bent at its 
base and lies under the head when at rest. In the Homoptera 
the gula is absent or membranous, the head is deflexed and 
inflexed so that the base of the labium is in intimate connection 
with the prosternum. The Australian water-bugs of the family 
Notonectidae form the subject of a contribution by H. M. Hame 
(Rec. S. Australian Mus., 2, 397). The predominant genus 
is Anisops, which has eight species, and nothing previously 
appears to have been known concerning its life-history. This 
writer has been able to fill this gap to some extent in describing 
the biology and metamorphoses of the commonest species, 
A. hyperion, which occurs in both running and stagnant water. 
It was reared upon mosquito larvae and pupae, which were eagerly 
devoured, an average of 209 being consumed by each isolated 
nymph in less than four weeks. S. Rostrup and M. Thomsen 
(Tides for Planteavl., 29 , 395-461) write on the biology and 
control of Capsids upon apple trees. The species observed as 
}ests are Pleisiocoris rugicollis and Lygus pabulinus. The 
atter insect has two generations in the year, and the eggs are 
aid on the bark of fruit bushes and fruit trees. The nymphs 
feed for a while on the sap of these hosts, but from about June 
they seek herbaceous plants, chiefly potatoes. The eggs of the 
summer generation are laid on the shoots of the potato, bean, 
etc., and when the adults are mature they seek the bark of fruit 
trees and bushes for oviposition, the winter being passed as 
eggs. P. rugicollis has only one generation and does not utilise 
in the same way other plant hosts. With regard to control 
measures against these Capsids, a single spraying a short time 
prior to blossoming suffices for all practical purposes. An 
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elaborate publication of 260 pages by £. A. Andrews on the 
factors affecting the control of the tea*bug, Helopeltis Atwora, 
has been issued by the Indian Tea Association. One of the most 
important conclusions arrived at is that comparative immunity 
from attack accompanies an increase in the proportion of 
potash, as compared with phosphoric acid, in the leaf. It 
appears, however, that the potash in the leaf is not controlled 
by the intrinsic chemical composition of the soil, but by some 
unknown factor. The composition of the leaf may be different 
when grown on the same soil, under different methods of 
treatment, with a resulting difference in the degree of liability 
to attack. H. B. Hungerford {Can. Ent., 54 , 1922, 262-3) 
records the presence of oxyhaemoglobin in a Notonectid, Buenoa 
margariiacea. It occurs in cells associated with certain of the 
abdominal tracheae, and tests conducted by Sherwood for the 
author appear to leave no doubt as to the nature of the bright 
red pigment present. The record is of great interest, as 
haemoglobin has only been known hitherto in larvae of Chirono- 
mus and Gastrophilus among insects. The peculiarities of the 
digestive system of the Periodical Cicada form the subject of 
papers by C. W. Hargitt and L. M. Hickernell (Biol. Bull., 
46 t 200-12, 213-22). E. R. Speyer {Phil. Trans., B, 88^ 
111-46) has a len^hy paper on the biology of the Larch 
Chermes. 

OAer Orders. —R. T. Tillyard {Trans. N. Z. Inst., 5 ^ 170-96) 
has monographed the ftocoptera of New Zealand, of which six 
families are represented in that country. Included in the paper 
is a discussion of the nymphal wing-tracheation to the adult 
venation. In Jour. Linn. Soc. Zool.,^ 85 t 143-216, the same 
worker discusses the wing-venation -in Ephemeroptera, and 
brings forward a new system of homologies different from those 
of Comstock and Needham and of Morgan. In Jour. N. Y, 
Ent. Soc., 31 . 31-52, J. Krafka discusses the morphology of 
the head among larvae of Trichoptera, and concludes that 
the stem form is to be found ^ in the cruciform larva, the 
campodeiform typie being a specialised condition in that order. 
A new species of the small and comparatively new order 
2k>raptera is recorded by Caudell from Bolivia {Proc. Ent. Soc. 
Washington, 60-2). C. L. Withycombe {Trans. Ent. Soc., tg»9, 
$01-94) has an important contribution on the biology of the 
British Neuroptera-Planipennia, accompanied by a wealth 
of illustrations of the immature instars. The biok^ of 
the family Chr}rsopid8e forms Memoir 58 of the Cornell 
Univ. Agrie. Exp. Station, by R. C. Smith, which is an equahy 
careful,-and well-illustrated paper. The above two memoirs 
are to be specially commended to all who are interested in 
Neuropterous insects. 
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AWnDU>VOSO0T. By A. G. Tbackxs, A.R.C.S., Zoological Laboratory. 

Cambridge. 

ttt recent anthropolo^cal literature, the first place must be 
given to the Journal of the Royal Anthropological Institute, 
vol. liii, pt. I (January to June 1923), which contains an un¬ 
usually large number of exceptionally interesting papers. I 
would call attention especially to Dr. R. Broom’s article entitled. 
" A Contribution to the Craniology of the Yellow-skinned 
Races of South Africa.*' There is no section of ethnological 
science more interesting than the study of the primitive peoples 
who inhabited the vast sub-continent of South Africa in the 
days before the very recent southward movement of the Bantu. 
Dr. Broom deals with both the Hottentots and the Bushmen, 
and, unlike some writers, he believes that there are still hundreds 
of Bushmen, and thousands of Hottentots, surviving to this day 
who are pure, or practically pure, in blood. In regard to the 
shore-living savages who were described by the early writers 
under the name of Strandloopers and have left numerous 
** kitchen-middens,” he thinks that these were not a separate 
race at all, but were in some places Bushmen, in other places 
Hottentots, and elsewhere, again, were probably a mixture of 
the two races. The author gives tables of the cranial measure¬ 
ments of a number of Bushmen skulls of both sexes. One of 
the most striking characteristics brought out by the tables is that 
the height is considerably less than the breadth, the breadth- 
height index varying around the figure 90. An interesting 
feature which appears to come out of the study of living 
Bushmen found in different environments is that the dwarfish 
stature of the inhabitants of the Kalahari Desert is apparently 
due to their inadequate diet and unfavourable surroundings, 
since Bushmen living under better conditions are fairly well 
developed. This fact is interesting, and suggests comparison 
with what is stated to occur in the so-called ” misery-areas ” 
of Europe. 

Dr. Broom then proceeds to describe the Hottentots, and 
sets out data relating to their cranial characteristics. Their 
skulls are much more dolichocephalic than are those of the 
Bushmen, and the height is much greater compared with the 
Ineadth, the breadth-height index varying around 103. After 
dealing with the typical Hottentots, the writer passes on to the 
tribe of Koranas, who were fairly numerous in the Orange 
River and Vaal River valleys a century ago, though they are 
BOW reduced to a small remnant. These Koranas were different 
lirom other Hottentots, and spoke a different dialect of the 
lai^uage. They appear to have had a slight infusion of Bantu 
h^d. But Dr. Broom relates a more interesting point 
regarding them, as follows : ” In addition, however, to the Bantu 
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strain, there is some evidence of other and much more remarkv 
able blood. In a number of Koranas who regard themselves as 
of perfectly pure blood we find clear traces of an Australoid 
race, or at least of a race with well-developed supra-orbital 
ridges. Large supra-orbital ridges are not a characteristic 
of either Bushmen, Hottentots, or Bantus, but, as will be shown 
presently, there is evidence of a race having lived in South 
Africa which had large, almost Neandertal-like supra-orbital 
ridges. Again, however, the evidence is not clear whether the 
Koranas met this Australoid race in South Africa or farther 
north, but as with the Bantu blood, the probabilities seem rather 
more in favour of the Australoid race having been encountered 
in the north.” Dr. Broom describes a Korana skull found at 
Bayville, near Port Elizabeth, which has large brow-ridges. 
And he then briefly mentions the fossilised Boskop skull, 
and the now famous Broken Hill skull, which latter is supposed 
to represent of course a distinct species, H, rhodesiensis. 

Dr. Broom’s conclusion is that there were probably two 
ancient races in South Africa. One was the Boskop race, of 
which the Bushmen are the degenerate descendants. The other 
was the Rhodesian race, from which the Korana Hottentots 
derived their Australoid characteristics. He supposes that 
the Hottentots themselves are the result of an admixture of a 
northern dolichocephalic race with the Boskop race. The 
whole article is extraordinarily interesting. 

Whilst discussing the natives of South Africa, I may take 
the opportunity to refer to some interesting remarks made by 
Dr. H. F. Sheldon in Science Progress for October 1923, 
page 303. Dr. Sheldon comments on a statement of mine that 
” the Bantu reached South Africa after the white man,” and 
makes the just criticism that I do not'define what I mean by 
South Africa. Of South Africa in the political sense—^Africa 
south of the Limpopo—^the statement would be incorrect. The 
Bantus were certainly already south of the Limpopo at the time 
of the earliest Portuguese voyages. But it was not really this 

g lint that I had in mind. What I meant was that the 
uropeans, having arrived at the Cape of Good Hope and having 
moved four or five hundred miles north-eastward, met the black 
invasion and checked it in full career ; so that the Bantus never 
conquered and took possession of the southern end of Africa, 
as they certainly would have done if the white man had not 
appeared on the scene. The fact that there were no negroes 
in Cape Colony at the time of the first Dutch settlements is no 
doubt familiar to everybody in South Africa, but many Ei^lish 
readers might be unaware of this. As Dr. Sheldon raised this 
interesting point, I have endeavoured to ascertain the actual 
position oil the Bantus in early historic times. The bteck wave 
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continued to advance southwards for three hundred years after 
the northward movement of the sparse white population began, 
and it was not until the middle of the eighteenth century that 
the two conquering races were fully in contact. As already 
stated, the Bantus were south of the Limpopo—^were in “ South 
Africa ”—^in the fifteenth century, and possibly long before this. 
At the end of the sixteenth century, as we gather from the ac¬ 
counts of the wreck of the Sanio Alberto (in the year 1593), 
they had penetrated as far as the river Umzimvubo. Another 
hundred years later they were at the Great Kei River, and 
in the middle of the eighteenth century they reached the 
Great Fish River, which became a fairly definite border in 1778. 
It is fortunate for the modern anthropologist that the brilliant 
Portuguese navigators made their discoveries in time to save 
the primitive yellow races from being entirely blotted out by the 
powerful, numerous, and warlike swarms of the Bantu nations. 

In the American Journal of Physical Anthropology, vol. v. 
No. 4 (October-December 1922), there is yet another paper 
on the Piltdown Jaw, this time by Dr. A. Hrdlicka. It will be 
remembered that many American palaeontologists refused to 
accept Dr. Smith Woodward’s association of the skull and jaw, 
and described the latter as that of a new species of chimpanzee. 
Having seen the actual specimen (not mere casts). Dr. Hrdlicka 
adopts an intermediate position ; he abandons the story of the 
chimpanzee, and admits that the jaw is primitive human ; but 
he thinks it cannot have belonged to the same race as the skull 
found near it. 

The following papers may also be noted : 

In J.R.A.I., vol. liii (January-June 1923): " The Pleistocene Deposits 
and their contained PalseoUthic Flint Implements at Foxhall Road, Ipswich,” 
by P. G. H. Boswell and J. Reid Moir ; " Maya and Christian Chronology,” 
by R. C. £. Long ; and ” Man’s Nasal Index in Relation to Certain Climatic 
Conditions,” by A. Thomson and L. H. D. Buxton. And in Am. J. Pkys. 
Antk., vol. V, no. 4: " The Evolution of the Human Foot," by D. J. Morton. 
And in recent numbers of Man: " Further Evidence of Ma^mose Culture 
in East Yorkshire,” by A. L. Armstrong (September); " The Respective 
Sex-ratios of White and Coloured Races,” by A. S. Parkes (October); and 
** The Sex-ratio and Race,” by N. W. Thomas (November). 


IDVOATXOSr. By A. £. Heath, M.A., University, Liverpool. 

To those of us who are engaged in the business of education, 
the highly technical literature on Formal Training is a real 
barrier to thought on the subject. It induces the feeling that 
the specialist equipment and vocabulary required are beyond the 
ordinary mortal. Nevertheless it is urgently necessary that 
all who wish to build upon scientific foundations should try to 
translate the broad lines of these investigations into everyday 
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language, and render them available in practical affairs. The 
urgency becomes clear once we realise that tacit assumptions 
about Formal Training underlie most educational schemes. 

In general terms development in this field has been as follows. 
The doctrine of Formal Training, vaguely stated in the form 
that “ mental power, however gained, is applicable to any 
department of human activity," formed the basis for the tra¬ 
ditional disciplinary view of a subject’s value. It does not 
matter upon what the mind is exercised if the exercise be 
vigorous and long-continued. This view was attacked as a 
matter of principle by the Herbartians, who held it to be built 
upon a false “ faculty psychology.” With the rise, in our own 
day, of a belief in educational experiment as the arbiter of 
methods, the type of discussion changed. First of all, the 
vagueness of the terms used became obvious as soon as the 
attempt was made at statistical measurement of the effects of 
transference ; and then, when the problems involved were 
more precisely and more concretely stated, the mechanism of 
any possible transference became the centre of inquiry. It is 
impossible here to give adequate references even to a selection 
of the more important papers ; but a trustworthy guide to 
them will be found in the article on ” Formal Discipline from the 
Standpoint of Experimental Psychology,” by J. E. Coover 
{Psychological Monographs, 1916, 80 , 3, 1-307). Attention b 
specially directed to the papers of W. H. Winch and of W. G. 
Sleight. I believe, however, that the general reader would do 
better, before coming to grips with the investigations them¬ 
selves, to approach the literature by a flanking movement. 
In two books which have recently come my way a certain 
amount of dissatisfaction is expressed.at the broad conclusions 
to which most workers in this field have been led—^that very 
little real transference takes place. In each case the authors 
assert that the disciplinary value of studies is an observable 
fact which should not be overlooked because excessive or 
mistaken claims were made for it in the past. I am not sure 
that this assertion is altogether inconsistent with the results of 
experiments on transference ; but in any case I suggest that a 
preliminary reading of these two volumes would form a good 
introduction to, and illuminate the practical importance of, 
the whole subject. 

The first of these is a little book which seems to be less known 
than it deserves— The Passman : How are our Universities to 
Train Citieens? by Prof. R. L. Archer (A. & C. Black, 1918). 
Prof. Archer sets out from the fact that tne modem pass courses 
took their origin from the then prevailing theory that a separate 
subject was needed to train each power of the human mind, 
and that all-round capacity would be secured by combiniiig dbe 
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suitable subjects in due proportion. The failure of pass courses 
of this “ balanced " type throws doubt on the underlying theory. 
Cta the other hand, the honours course, which aims at com¬ 
pleting intellectual training by intensive study of a group of 
subjects possessing a felt unity, is everywhere successful. Before 
ai^uing that the pass course should be designed on the principle 
of the honours course. Prof. Archer feels it necessary, however, 
to deal with a possible fundamental objection, that this reliance 
on the general value to life of a unified course depends for its 
validity upon the outworn dogma of transference of capacity 
jfiom the particular domain covered in the course itself to other 
&lds of human experience. He therefore sets himself, in 
chapter iii, to inquire into the whole question of transference. 
He admits at the outset that the old idea that each subject 
provides training in certain general *' faculties ” will not do. 
On the contrary, each subject trains its own particular habits 
within each " faculty." &ience trains a scientific imagination, 
a scientific observation, and so on. But it does not follow that 
a smattering of all subjects is needed; nor that no " mental 
training " whatever is possible within the study of a single 
domain. He contends that the whole argument of those who 
deny all transference is too crude, and based on too stiff and 
isolated a view of habits. Thus, when Thorndike has shown 
that children trained to be scrupulously neat in their arithmetic 
lesson remain as untidy as ever in other lessons, he goes on to 
claim that " habits " trained in one subject-matter will not 
" function " in another—or if they do, it is because there were 
common elements in the two fields. Bagley, however, affirms 
that if Thorndike’s neat arithmeticians had thought about their 
neatness, they might have seen the desirability of being neat 
in other subiects. Yet he still holds that there are no 
** generalised habits " ; it is " ideals " that can be carried over. 
The “ habit " has still to be formed separately in each subject, 
but the " ideal " would provide the necessary stimulus. In 
the important work of Sleight there seems to be, also, a drift 
in this ditection, as Archer points out. Sleight distinguishes 
three wajrs in which the study of a subject may prove useful 
outside its own domain : it is possible to carry over (i) concepts 
of method ; (2) quasi-ideals, such as tidiness ; and (3) ideals 
proper. These factors in the carry-over are, in general, 
conscious ; and the function of the teacher is to employ them 
deliberately. " Instead of trusting to the formal training power 
supposed to be inherent in a given subject, we shall direct all 
ow efforts to the building-up of general ideas of method of a 
Idnd which will admit of wide application " (W. G. Sleight, 
Ediieational Vakus and Methods, 1915, p. 96). With this, 1 
father, Pirof. Archer would have no quarrel; but he insists 
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that the real point at issue between the modern disciplinarians 
and their opponents is that, though both believe in consciously 
directed transference, the former think it can also arise un¬ 
consciously after intensive work in a unified field, and the 
latter deny that it can do so. In this connection the following 
statement of Sleight is very significant: that " a general notion 
of the method employed in performing a piece of mental work 
may arise in our minds and be used upon some other subject- 
matter without our being aware of the fact ” {op. cit., p. 94). 
Prof. Archer at once takes advantage of this admission to suggest 
that this “ general notion unconsciously held ” is akin to the 
vague “ feel ” of our procedure which accompanies a stroke at 
golf. In other words, it belongs to the domain of habit, and 
not of thought at all. Such subconscious recognition of 
similarities between situatioas is indeed, for many purposes, 
more useful than deliberate thought : it is the basis of tact in 
dealing with the ordinary affairs of life. " Just as too much 
thought,” says Prof. Archer, “ impedes the execution of a good 
stroke at golf, so there are situations where too much thought 
about the course we should pursue hinders our effective pur¬ 
suance.” Every kind of study, pursued long enough and with 
sufficient intensity, and given the requisite capacity on the part 
of the student, will produce this form of ” tact ” : and transfer 
of experience from lecture-room to life is possible wherever 
in life situations are found which can be subconsciously 
recognised as similar to the situation presented in studies. Out 
of this discussion it seems to me that we can begin to form 
some idea of what is and is not implied in the results of experi¬ 
mental work on transference. The view of the mind as an 
instrument which you first sharpen-and then use is gone. It 
is a living thing whose life is in its contact with specific portions 
of experience. So, as Whitehead has said, the subjects pursued 
for the sake of a general education are not ” general,” but 
special subjects specially studied ; and yet, on the other hand, 
one of the ways of encouraging general mental activity is to 
foster a special devotion. 

Before turning from Prof. Archer’s work to the second of 
our two volumes, it should be added that Prof. Archer goes 
on to strike a balance between the conscious and the 
subconscious sides of training. In treating of the plasticity 
of human behaviour, by the modification of habit-S5rstems deter¬ 
mined either consciously or subconsciously, he lays stress on 
the fact that even subconscious modifications may ^ helped by 
the formation in the individual of a conscious and general 
idea of plasticity itself. From this he concludes that a belief 
in the importance of conscious aims in thought and conduct is 
not inconsistent with recognition of the need for training in 



EDUCATION 


4 ^ 

that immediate subconscious reaction he likens to tact—• 
a conclusion remarkably similar to that of the second of our two 
authors, Dr. E. H. Hankin. In his stimulating and lively 
book, The Mental Limitations of the (Butterworth, 1921), 

Dr. Hankin, like Prof. Archer, puts forward a modified defence 
of formal discipline. His line of argument, developed with a 
wealth of detail, is that the power of practical judgment 
wielded by the " business man ” is rooted in the subconscious 
mind and is of greater value in ordinary human affairs than the 
deliberate and conscious exercise of reason characteristic of the 
“ expert.” Yet our educational system is designed almost 
entirely for the expert. The stimulation of his reasoning powers, 
and the fostering of his eapacity to recall all the pros and cons 
of any question—these are what he asks and gets, with the 
consequent slowing of initiative in action. He does not bother 
about that, however, because he has little need for initiative in 
action. He has to avoid rapid decisions. But the man of affairs 
needs the opposite treatment. He wants the power to take in 
the details of an entirely unfamiliar subject, with effort, and 
then forget them. His conscious mind should merely retain 
a general idea of the matter, the forgotten details being relegated 
to the subconscious, where they are ready to aid him in a quick 
act of unreflective judgment. He will then be in the position 
of the juryman who has forgotten the bulk of the evidence, but 
who gives a common-sense verdict. Dr. Hankin claims that 
modern educational methods are destructive of these powers. 
That is why, in his view, certain well-known systems of extremely 
formalised training, such as the learning by rote of Chinese 
classics, form so successful a foundation for business ability. 
The function of formal discipline, he suggests, is not to exercise 
the reason, but to provide a training in the power of forgetting. 
The work should not be too interesting, because if it is the detaite 
will remain unduly present to consciousness. Intensified 
interests spread over many fields do harm, because they 
inhibit ever3rwhere the mechanism of forgetting. In formal 
work, as in the study of highly inflected languages, there is 
mental labour at complex material not intrinsically interesting, 
and so easily forgotten or momentarily passed out of mind. 
Dr. Hankin suggests that such studies should be the main 
element in earlier school years. The boy’s reason should not 
be prematurely stimulated ; our aim should be, instead, to 
foster his ” common sense.” Later, when this practically 
valuable reaction to everyday life has been consoudated, he 
may study, without harm, subjects that stimulate his reason and 
create interests in the world about him 1 This is a return to 
disciplinarian views, albeit of a subtler kind, with a vengeance. 
Dr. Hankin often expresses himself in a va^e way, and I feel 
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sure that an analytical examination of the terms used wotdd 
show that his view b not so much in opposition to othw work 
in thb field as appears at first sight. For instance, the effort 
and drill necessary to pass over “ plateaux of learning ** b as 
definite a part of interesting studies as of others : and rele¬ 
gation to the subconscious is a factor in the acquirement of off 
skill. Still, hb work forms a fresh and unacademic approach 
to the subject of Formal Training. * 

The following b a selection of references to recent work : 

£. L. Thorndike, '* The Correlation between Interests and Abilities la 
College Courses,*' Psy, Review, 1921, 28 , 374-^. 

W. H. Winch, Children’s Reasonings,'* pt. 4, The Forum of Education 
(the new name of the Journal of Experimental Pedagogy), 1923, I, a, 
152-7. 

W. H. Winch, ** The Transfer of Improvement in Reasoning in School 
Children/* Brit, Jour, of Psy., 1923. 18 , 4. 370-81. 

Helen M. Woodhouse, ** The Training Value of Exact Studies/* Forum of 
Education, 1923, 1 , 1, 5-13. 

D, J. Saer, ** The Effect of Bilingualism on Intelligence,** Brit .Jour, of Psy., 
19231 14 # I. 25-38. A decidedly bad influence is discernible which seems 
to persist into later life. 

Kimball Young, ** The Integration of the Personality,** Ped. Seminary, 
1923. 30 , 3, 264-85. 

Ernest Jones, ** Some Problems of Adolescence,’* Brit. Jour, of Psy., 1922, 
18 , I, 31-47. 
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THE INTERVENTION OF CONSCIOUSNESS 
IN MECHANICS 

By ALFRED J. LOTKA, M.A., D.Sc* 

Johns Hopkins Univsrsity, Baltimors, U.S.A . 

The physicist, as physicist, sees the world essentially as a 
determinate mechanism. As a human being, on the contrary, 
he cannot help feeling, at any rate as a primary, naive, un¬ 
analysed intuition, that certain events are governed by caprice, 
by his will and that of others. A problem thus arises. What 
opportunity can there be, in a determinate world, for the 
exercise of such capricious agencies ? 

Certain tentative answers that have been suggested or 
implied must be mentioned only to be forthwith rejected. So, 
for example, to some an opportunity for capricious interference 
with the course of events has seemed to reside in the freedom 
of action left open by the two fundamental laws of thermo¬ 
dynamics. W. Ostwald * observes that " the organism utilises, 
in manifold ways, the freedom of choice among reaction 
velocities, through the influence of catalytic substances, to 
satisfy advantag^usly its energy requirements." H. Guille- 
minot' sees the influence of life upon physical systems in the 
suostitution of -guidance by choice in place of fortuitous 
happening, where Carnot’s principle leaves the course of 
events indeterminate. 

This point of view evidently cannot bear scrutiny. The 
two laws of energetics, indeed, are not competent to predicate 
unequivocally the course of events; but this is true whether 
living beinn are present or not. Yet, in the absence of such 
beings (ana therefore irrespective of their caprice) the course 
of events is determinate, as we commonly suppose, in o^dience 
to other principles well known to the ph^icist, and more 
exacting than the broad but indecisive fint and second laws. 

* F'orfenMifMi after Naiurphitosophie, 1902. p. 328. 

■ Im Mafiirt 0t la Vie, 1919, p. i2t et passm ; Nouueawt Horieons de la 
19x6, p. 415 et passim. Compare also Sir Oliver X.odfe, Life and 
freiliisr. X906, pp. 133 et seq., 140,148. 

407 



408 SCIENCE PROGRESS 

No; if room there is, in dynamics, for capricious intervention! 
the point of attack of the disturbing agencies must be sought 
elsewhere ; the joint in the armour must be nearer the heart 
of the matter. 

Others have seen the opportunity for the interference of 
consciousness with the course of physical events, in certain 
indeterminate situations that arise in mechanical systenu. 
Among the orbits of such a system some are unstable, passing 
through singular points at which “ influences whose physicm 
magnitude is too small to be taken account of by a finite being, 
may produce results of the greatest importance. ... In the 
course of this our mortal life we more or less frequently find 
ourselves on a phjrsical or moral watershed, where an imper¬ 
ceptible deviation is sufficient to determine into which of two 
valleys we shall descend.” * This conception makes the 
intervention of conscious volition in mechanics an exceptional 
occurrence, reserved for special occasions, or at least for a 
special set of circumstances, and Clerk Maxwell’s quotation, 
in this connection, of Shakespeare’s famous lines regarding the 
” tide in the affairs of men ” seems to lend colour to the suppo¬ 
sition that he did conceive of this interference as in some 
measure an exceptional occurrence. In point of fact, while 
heroic efforts of the will are unquestionably rare incidents, 
volitional activity of all shades, down to the almost imper¬ 
ceptible, is a constant ingredient of human consciousness. It 
is, of course, conceivable that an exceptional set of dynamical 
circumstances is constantly present in the living organism. 
But, other things equal, one would feel better satisfied with a 
point of view that should give place to consciousness in the 
scheme of nature without resorting to the supposition of 
dynamically exceptional conditions. Such a point of view is 
now to be developed. 

Consider the elementary equation of dynamics 

/•“tna . (i) 

This equation is evidently devoid of meaning, or at any rate 
has no useful meaning, unless we have some other means of 
measuring the force / than by observing the mass m and the 
acceleration a .and forming the product ma. It may be, for 
example, that the force /, to which (i) refers, is the tension 
of a stretched spring, and that we can measure this tension 
by the increase / in the original length L of the sprii^, writing 

/-K^ .(a) 

* Lift of Clerk Maxwttt, by L. Campbell and W. Garnett, 1882, pp. 434-44 ; 
Hendenon, L. J., The Order of Nature, 1917, pp. 222-3, **6. **7. Compam 
aleo Boussinesq. V. J., Coneiltaikm du ditermiutsme mdeanique avee FtintmUd 
de la vie, 1878, nprinted 1922. 
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niiere K is a characteristic constant of the si>rin^. I^ie 
^nations fi) and (2) can then be united, with eliminatton of f, 
into the relation 

wia “ •••••• ^3^ 

The process by which the relation (3) has been obtained 
reminds one of a method sometimes employed in throwing a 
bridge across a river : Two independent structures are reared, 
one on each bank, and these two structures are gradually 
extended, with the aid of suitable scaffolding or auxiliary 
stiffening members, until they meet at the centre of the water¬ 
course. They are then consolidated, and the auxiliary members, 
the falsework, having served their purpose, may be dismantled. 
So in forming the equation (3), in throwing the equality sign 

I 

across from the member ma to the member K|-, the symbol / 

has functioned merely as a temporary truss, as a falsework to 
discarded as soon as the relation is established.^ 

In point of fact this is the only function that an abstract 
force ever serves in the relations of classical dynamics. It 
never appears explicitly in the equations of physics or engineer¬ 
ing practice, as applied to any concrete case. The force is 
always eliminated in the process of forming the practical 
worlung equations. _ It never appears explicitly in these 
equations. Indeed, it cannot do so, for we have no means 
whatever of directly measuring an abstract force /. We can 
measure it only in terms of those very quantities which we 
substitute in place of /, thus eliminating /, whenever we form 
a working equation. 

Does it follow that the abstract force / is of no practical 
significance whatsoever, that it is a mere figment, an artifice, 
possessing no counterpart in objective natmre, and incom¬ 
petent, therefore, to exert any influence upon the course of 
events ? 

This is not a question to be hastily answered. Some may 
be disposed to assert, upon grounds known to themselves and 
not to be drawn into this discussion, that Newtonian abstract 
forces are indeed merely figments, perhaps not even useful 
figments. But this is not the question here raised. The 
question here is. Does the unreality of such forces, and, in 
consequence, their incompetence to affect the world's events, 
loUow as a necessary inference from the fact that in the practical 
worldng equations these forces / never appear explicitly ? 
And the question may at once be made more general in scope, 
> Copipwe Whitehead, A. N., Prineiplet of Natural Knowledge, 1919, p. X9, 
atf 
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If a certain quantity F is invariably eliminated in the fomuh 
tion of the working equations of the law of operation of a veal 
material S3rstem, so that F never occurs explicitly in these 
equations, does it follow that F cannot correspond to any 
objective entity having an influence upon the course of events 
in that system ? 

The answer, perhaps, is immediately plain on the grounds 
of general philosophical principles. But if not, an illustrative 
example may serve to resolve any doubts. 

A mathematical theory of wealth, covering at any rate 
certain aspects of economics, can be built up in terms of prices 
and sales alone, without pushing the analysis of fundamentals 
beyond this point; that is to say, without examining the 
human motives that, presumably, find their numerical expres* 
Mon (not to say measure) in prices. On such a basis as this, 
for example, Cournot founded his admirable Researches into the 
Mathematical Theory of Wealth. 

But it is also possible, if one is so disposed, to carry anal3rsis 
farther, to inquire into the psychological phenomena that 
appear at least as contributing factors in the processes of price 
determination. One is thus led to a theory of value such as 
that developed by JevDns. In a theory of value of this type 
human desires occupy a central position, and in the analytical 
symbolism of the theory appear prominently certain quantities 
variously termed, by different writers, *' desirability," 
“ utility," " ophelimity,” etc. Now it is conceded by the 
exponents of theories of this type that these quantities ^ 
admit, at best, only of indirect measurement, through prices. 
And, in point of fact, in all concrete applications these quanti¬ 
ties ^ are eliminated from the working equations. It is taken 
as quantitatively symptomatic of equality of desire for two 
commodities, if I am willing to purchase either the one or the 
other, indifferently, at the same price, in maximo. Now, 
desires that do not lead to purchases and sales evidently never 
enter the arena of economic contest, and therefore, it would 
seem, can be of no interest in the study of practical, commermal 
economics.* Pareto, who c^ainly cannot be regarded as 
adversely disposed toward economic theory of the type developed 
by Jevons, remarks •: 

Les notions de valeur d'usage, d'utilitd, d’ophdlimitd, 
dlndices d’oph6limitd, etc., facilitent beaucoup I’exposd del 
la thtorie de I’dquilibre dconomique, mais elles ne sont pat 
ndcessaires pour construire cette thforie." 

It may thus appear that the ophelimities ^ are whol^ 

* Cotmot, A., loc, eit., p. 46; " We do not see for what reason theenr 

need take account of any demand whfch does not xesolt in a sale." ^ 

• Mamiel i’iSeenomie PeUHqm, S909, p. 160. 
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S Muitous importations into the theory of economics, introduced 
to the discourse only to be forthwith eliminated as soon as 
concrete application is to be made. 

Are we therefore to conclude that desires are mere figments ? 
Chr even, granting their existence (since this will hardly be 
denied), are we to contend that they are without influence 
upon economic events ? Surely not. And yet, to an onlooker 
unable to peer behind the scenes, unable to taste directly of 
these desires that we observe by introspection as operating in 
our own selves, the matter might not thus appear. For, 
however erratic human desires may be in detail, in the gross 
they have an appearance of uniformity, of law, of constancy 
—a fact recognised long ago by Adam Smith, who “ considered 
a science of economics possible because of a few outstanding 
traits of man which guaranteed self-preservation, while also 
promoting the welfare of society at large." * The same con¬ 
stancy in the average performances of men was again noted, 
from perhaps a somewhat different angle, by Quetelet, and 
once again by Spencer, who was the first to recognise the full 
significance, in the evolution of the race, of that “ adjustment 
of feelings to actions " which has made " pains . . . the 
correlatives of actions injurious to the organism,” and "pleasures 
. . . the correlatives of actions conducive to its welfare.” • 

To om- extra-mundane observer, innocent of human 
emotions, and observing only in the gross the physical facts of 
our comings and goings, our doings and the action of environ¬ 
ment upon us—^to him a system of laws, of correlations, might 
well become apparent, by which the past, present, and futme 
course of events could be computed according to formula. His 
fundamental ignorance of our motives would in no wise disturb 
him in his calculations—so long as he were dealing only with 
human actions in the gross, and so long as his observations 
were not carried to an over-nice degree of precision, such as 
might reveal an occasional perplexing departure from the norm. 
He would be dealing solely with correlations—underly ing 
motives would not concern him; he might affect disdainfully 
to ignore them as " metaphysical ” speculations incapable of 
proof or disproof. 

Yet we, who are in the secret, would know beyond per- 
adventure that his picture of our world and its happenmgs 
was deficient in a most essential particular. The accord 
between his formulse and facts might be never so good—^in 
eliminating the f s from Ms working equations he would have 
banislted from his representation of nature what must appear 
^ ns, ** vdio know," the very core and essence of our bei^. 

' 1 Bouclw, O. F., Amerium Economie fieview, 1933; s. 599, 

< FrimeifUs of Peyokohgy, 11*4. 
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Our immediate interest in the example furnished by the 
operation of ** desires ” in economics resides, not in such 
analogy» as these may or may not present to physical for^, 
but in the demonstration which the example has supplied, 
that a quantity eliminated in the process of forming the funda¬ 
mental equations representing the law of operation of a system 
may nevertheless play a highly significant r6le in the history 
of that system. And another point also is well illustratea. 
To the extra-mundane beholder of the drama of human society, 
a system of correlation formula might suffice to represent the 
laws of operation in that society so long as observation were 
comparatively gross; yet these formulae might fail when 
scrutiny were pushed to such refinement as to reveal departures 
from the general average, which average alone was the object 
of the grosser observation. Or, without increased precision 
of observation, instances might occur, special cases present 
themselves, in which individual salient departures from the 
norm forced themselves upon the notice of even the gross 
observer. 

It might so be that the elimination of the ^ s were feasible 
only with regard to the average phenomena observed, but 
could not be carried out in a perfectly general way. In that 
case an approximate description of the laws of the system 
could indeed be given in terms not containing ps, but for an 
exact description the p s must enter explicitly. 

This reflection is suggestive, because it reminds us that 
we must be prepared for this eventuality ; the established 
working formulae of dynamics, in which abstract forces do 
not enter explicitly, may be true only in the sense of statistical 
averages, and only in approximation, however close. It may 
be that in all cases they depart in some degree from the truth, 
and that in some special cases—^perhaps where conscious 
organisms enter—they do so very materially, through the 
absence of certain quantities whose elimination is justifiable 
only with reservations, whereas they have been elimi na ted 
outright.* 

It is thus seen how the equations of dynamics, from their 
very nature, open the door for possible “ capricious '* inter¬ 
ference with the course of the world’s events, through such 

* That such analogy exists has been noted, from different points of view, 
by various authors. See. for example. Zdllner, i)ber die Natur der Kemetem, 
1872, pp. aoi-3 ; 211-19; 335-7: 361-4 ; Ptetzolt. J.. Maxima amt Minima 
and Okonomie (Gbttingen Dissertation), p. 22; Edgworth, F. Y., Matke- 
matieal Psychics, 1881, pp. 88-91; Winiarsld, Revue Philosopkique, 1900,' 
vol. xUx, p. 113. 

* This conception is reminiscent of the tyehism of Charles Peirce. {The 
Monist., vol. U, 1892, pp. 333-4. 333. See also Henderson, L. J., The <Mber 
of Nature, 1917, p. lee.) 
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•fendes, for example, as that which we observe in otirselves 
and denote by the word “ will." 

But given the formal possibility of such interference, a 
new direction may now be given to our inquiry if we ask wlxat 
may be the function of such interference ; how, in the evolution 
of this world, conscious volition, such as ours, entered the 
scheme of nature, and how it gained for itself its present 
dominating position. Parallel with the problem of the origin 
and evolution of life runs this problem of the origin and evolu¬ 
tion of consciousness, of will in general, and of those particular 
types of will, those behaviour-patterns, which we observe in 
ourselves, and which are revealed to us, more objectively, in 
the collective actions of bodies of men viewed in the mass, 
through the spectacles of statistical analysis. Now, of the 
two problems—that of the origin and that of the evolution of 
such will-types—the latter is the less formidable, it seems. 
Since Herbert Spencer the scope of free will has been recognised 
as in any event circumscribed. We may, perhaps, do what 
we please, but we cannot please what we please, for certain 
t5rpes of will-patterns, should they come into being, are incapable 
of prolonged survival, and cannot therefore be found in a race, 
such as ours, that boasts of a long line of ancestors. 

More baffling is the inquiry as to the origin of consciousness 
in the organic world. If we contemplate any one single act 
of a conscious organism, any one single response to external 
stimulus, it will be found that this response, or something 
very like it, can usually, if not always, be duplicated by some 
mechanism of human construction. It should hardly be 
necessary to adduce instances. Perhaps the most telling 
examples are certain mechanical toys, such as a tin beetle which 
gravely walks across a table-top, seemingly courting destruc¬ 
tion (as a going concern, at least) by making straight for the 
laecipice at the edge of its universe. But such emergency is 
duly provided for ; when it reaches the danger-line, the creature 
promptly turns and continues its perambulations hugging the 
edge of the table with its antenna. Now the question arises, 
if such zweckmdssig actions and responses can be produced 
by purely mechanical means, why has nature resorted to con¬ 
sciousness, and resorted to it in increasing measiue, in the 
evolution of the most exquisitely adapted organisms ? 

An obvious answer—^too obvious to be accepted without 
further examination—^is that there is secured, by the intro¬ 
duction of consciousness, an economy of parts, a comparative 
simplicity of structure. This certainly is true, that if, instead 
of being satisfied with the mechanical duplication of some one 
feature of animal behaviour, w in-sisted on reproducing, by 
mechanical means, the entire behaviour-pattern of a dog, for 
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example, or even of> any animal much lower in the scale 
evolution, we should find ourselves inextricably embamuksed 
in an altogether unmanageable maze of mechanical parts. 
But how is this technical difficulty overcome by the introduction 
of consciousness ? Are the ascertained facts regarding con¬ 
sciousness competent to throw any light whatsoever on this 
question ? Let us briefly consider the matter. 

I know consciousness, as a natural phenomenon, directly in 
myself. I know it also indirectly, in myself, in its outward 
manifestations as I observe them in my acting and being- 
acted-upon. In myself, also, I know the relation between the 
phenomenon of consciousness, as observed directly, and these 
outward manifestations. Observing similar acting and being- 
acted-upon in others, I infer and hypothecate for them also, 
indirectly, similar consciousness, similarly related to these 
outward manifestations. 

So long as my inference relates to organisms closely re¬ 
sembling me in their outward characteristics, this process of 
inference perfectly satisfies the mind, and is thoroughly justified 
pragmatically in its consequences, that is, in tM results of 
actions based upon my hypothesis of consciousness in those 
others. The process becomes more and more dubious as it is 
applied to organisms lower and lower in the scale of animal 
life, organisms differing more and more profoundly from me 
in their outward characteristics. Most oi us will hesitate not 
at all to postulate for a dog a species of consciousness having 
much in common with our own. We should be much more 
hesitant in the case of an amceba. And an important point 
to note is that as we recede farther and farther mom constitu¬ 
tions similar to our own, not only do we become more and more 
dubious as to the existence of consciousness, but it becomes 
increasingly difficult for us to assign any definite meaning to 
the term “ consciousness ” as applied to an organism or portimi 
of matter so constituted. In our own selves consciousness is 
a phenomenon essentially changeful in intensity, complexion, 
and content. It changes with season, age, and circumstance. 
Moreover, it must be borne in mind that certain features of 
our consciousness, features which we are habituated to look 
upon as inseparable characteristics inherent in the nature of 
the phenomenon, may in truth be only incidental, and may 
be peculiar to our particular type, our particular species of 
consciousness. So, for example, the normal healthy individual 
must find it difficult or impossible to conceive of any con¬ 
sciousness save that which is spun into one continuotis thread 
by one presiding Self or Ego. Vet we know from the study of 
*' abnormal" individuab that continuity may ^ lacmng,: 
there may be no clearly appreciated Self, or there may be 
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imral Eg03 related to one body ; and if there is but a single 
Self, its expanse may va^ within wide bounds, from the 
small, narrow Self of the immature or mentally and morally 
underdeveloped person, to the world-embracing Self that says 
to every object perceived: “ Thou art part of me." 

Our mind should, therefore, be in fair measure prepared 
to contemplate the possible existence of consciousness departing 
more or less radically from that general type to which ours 
conforms. But there are limits to this elasticity of our ready 
conception of consciousness. fV« must be prepared for the 
eventuality that the varieties of the objective phenomenon of 
consciousness may exceed the elasticity of our powers of conceiving 
these varieties, that is, our power of presenting them to our 
imagination in terms of consciousness as known to us directly 
by introspection. 

Consciousness, such as we know it directly in ourselves, and 
such as it is known to us in the least doubtful examples outside 
ourselves, seems intimately connected, in some manner, with 
life. Serious interruptions of the normal life processes are 
commonly accompanied by corresponding irregularities and 
sometimes by definite interruptions of the stream of con¬ 
sciousness. This suggests that consciousness is a state of 
matter, or attends a state of matter, which requires to be con¬ 
tinually " excited " by certain life processes, somewhat as the 
magnetism of the soft-iron armature of a dynamo is maintained 
by the passage of an electric current through a neighbouring 
conductor.^ And since one of the most prominent character¬ 
istics of life is that it is constantly attended by chemical 
change (metabolism), the inference readily comes to mind 
that consciousness is, or attends, a state of matter in the 
process of chemical transformation.* And, further, since 
the distinction, between chemical and physical changes is 
{U'esumably arbitrary, our inference must be broadened, so 
that we find ourselves contemplating consciousness as a 
phenomenon associated with, or attendant upon, matter in a 
state of strain, <x, perhaps, matter in the process of yielthng 
to a strain. 

* Compare Sir Oliver Lodge. Life and Matter, 1906, duipfeer vUi, la 
psrtionlttrp. 139* 

* This thought has probably ocooned to many others as well as the 
writer. He has found it expressed in a book The Unity of Conseioasness, 
by W. E. Ritter (vol. ii, p. 291); and also in an article by Dr. Charlee Stein- 
mets in Harper's Magasine, vol. cxllv, 1922, p. 300. The fugitive oonditioit 
throogb whkb matter must pass oh its way from one m^cufair axtangemeBt 
to another stili remains an almost wholly unexplored field, and Schoenbein’s 
flomtnent upon it (//. /. praht. Chemie, vol. Iv, p. 133) holds almost with its 
otig^aal fnoe; except that Sir J. J. Thomson^ p^tlve-ray analysis, with 
tfs pOwtr to wei^ bodies existing but for one ten-milUonth of a second, has 
piOved competent to register the mass of sudb decapitated aolecides as CHa. 
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' We find ourselves now in this singular position : we haw 
based our reflections expressly upon the fact that consciousnew» 
as typically known to us, is characteristically associated with 
life. And, by a few short steps, covering but two or three 
lines of print, we have arrived at a point of view which con¬ 
templates consciousness as a phenomenon that may be common 
to all matter. 

This is not as strange or as disconcerting as it may at first 
sight appear. It is notorious that all attempts to define life, 
to distinguish categorically between living and non-living 
matter, are dismal feilures. More and more, as man's know¬ 
ledge advances, lines of demarcation in his outlook upon 
nature, in his representation of her, are found to be of subjective 
origin, and devoid of correspondence with any parallel lines of 
demarcation in objective fact. It is true that our imagination 
is quite incompetent to form for us any conception, in terms of 
our habitual modes of consciousness, of such elementary forms 
of the phenomenon as may be associated with the course of 
events in so-called non-living matter. Certainly the element 
of continuity and of synthesis into a thread of " personal ” 
experience must be lacking. But, as already remarked, these 
features may not be so fundamental traits of the phenomenon 
of consciousness as we ordinarily suppose. The finished pro¬ 
duct of highly developed consciousness, such as we know it 
in ourselves, must represent, not a typical example, but rather 
" the acme of accomplishment in the integration of the animal 
organism. ... As such it has spelt biological success to its 
possessor.” ^ 

The problem of the origin of consciousness in living organisms 
now is seen in a new aspect. Its ultimate origin, of course, is 
one of the unsolvable riddles of the universe ; but that is not 
the question here before us. Our curiosity relates not to this 
ultimate origin, but to the origin of consciousness as one of the 
possessions of the animal organism. Where and how, in the 
progress of evolution, did the organism acquire this remarkable 
and pre-eminently useful quality ? If the reflections set forth 
above are to the point, then this riddle is answered : the 
organism did not acquire consciousness at any time} con¬ 
sciousness in some rude form belonged to it from the beginning, 
as it belongs to all matter. What was evolved was not con¬ 
sciousness itself, but a certain particular type of consciousness, 
a type of consciousness integrated into or around a more or 
less clearly defined Ego that presides over the behaviour of 

* Sir C. S. Sherrin^n, “ Some Aspects of Animal Mechanism/* Rnssi- 
dential Addnss, British Association, 1922 (Nature, September 9, X922, 
p. 350). I have taken the liberty of applytog to function the words OK^HaiiUy 
applied to the ootnsponding structures. 
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th* organism, and imposes unity of behaviour. As to the 
or^n, the mode of development of this particular type of 
consciousness, we are tolerably well supplied with at least 
strong circumstantial evidence. This type of consciousness 
is characteristic of organisms that seek their food actively. 
Plants, whose food seeps to them by a spontaneous process in 
which they remain essentially passive, are devoid of those 
structures which observation teaches us to associate with the 
integrated type of consciousness. Even we ourselves adopt 
essentially the vegetative habit in drawing that part of our 
supplies which siurounds us in homogeneous abundance, and 
which is replenished by the automatic process of gaseous 
diffusion as last as we consume it in respiration. Undoubtedly 
the food quest has been the dominating factor in developing 
the psychoph3rsical apparatus of those species of organisms 
whose food is scattered heterogeneously—^piecemeal—over the 
earth and has to be earned before it can be consumed. It may 
be humiliating, but there can be little doubt that we owe our 
mentality to the necessity of providing food ; our mind, 
whatever may be its functions now, has been developed 
primarily as a means to fill our stomachs. 

We have thus found at least the suggestion of an answer 
to the question; How did living organisms enter into the 
possession of consciousness ? They possessed it, according to 
this view, from the beginning, in common with all matter, in 
certain circumstances. Our particular type of consciousness 
was developed by the exigenaes of the food quest. 

But there still remains the question : Why was the highly 
integrated type of consciousness selected, in preference to 
ordinary mechanism, to produce certain effects which, singly 
at least, can be copied by what we are pleased to call purely 
mechanical means ? It has been suggested above that the 
utilisation of consciousness for this purpose in some way 
secured economy of mechanical parts. Conflicting forces, and 
forces working together toward a result, are, in man-ntade 
machines, made to bear on one another, to produce their 
resultant, through material, mechanical members. What if 
they could be brought to a compact, to strike their balance 
directly, before they apply themselves to a piece of matter ? 
Is this what is taking place in our psychophysical apparatus 
when we weigh alternative courses of action, and make a 
decision ? Is this the secret of our neural integrating system ? 
Ilim'e is a certain plausibility about the conception. It would 
account, at least in part, for that simplicity of structure, that 
compactness of material apparatus, out of all jupportion with 
the results achieved, whicn is so characteristic of the human 
brain. And it would accord with a deep-rooted article of 
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faith, the rock on which stands our concept of causation : wn 
have an intuitive conviction of being the cause of the events 
which we successfully will. 

It is undoubtedly from this conviction that we derive 
(by a species of anthropomorphism which may be justified) our 
concept of causation.^ Perfect correlation may be a symptmn 
of causation, but it is not itself what we conceive as causation. 
This is perfectly clear from the fact that we may have (practi¬ 
cally) perfect correlation between two sets of circumstances, 
which, by common consent, are admitted to stand in no direct 
causal relation. Our subjective concepts of perfect correlation 
and of causation are therefore clearly distinct, whatever may 
be the corresponding objective situation. Those who would 
totally exclude the naive concept of causation from their 
repertoire of scientific concepts forget, for the moment, that 
they observe causation in themselves every time they perform 
a voluntary act. Busying themselves constantly with the 
observation of systems that are accessible only to observation 
of correlations, they have become oblivious of the fact that 
there are other systems accessible to observation through an 
exceptional channel (owing to the special limitation of the 
nervous system within the confines of the body), and that in 
these systems, if nowhere else, they know causation by direct 
experience. Whether causation of this same kind occurs, as 
a natural phenomenon, also outside these S3rstems thus exposed 
to our scrutiny by an exceptional method of observation, that 
is a question toward which the only scientifically spund attitude, 
in the present state of knowledge, is that of the open mind. 

* To object that " the Ego is mistaken in supposing himself in any way 
the cause of the actual result " (to use Clerk Klaxwell’s phrase) is besi^ the 
point. The conviction exists as a phenomenal fact, irrespective of tbs 
justification of the conviction. If we define causation as a certain phenomenon 
of which we are directly conscious in volitional action (this we ate entirely 
at liberty to do), the question of self-deception cannot arise at all; its place 
is then taken by the question whether causation of the kind described by ow 
definition has any part in inanimate ” natme. The physicist does not ordin¬ 
arily concern himself with this question; he is well satisfied, for the time being, 
to leave it aside. Ids interest being, to-day, solely in correlations. (Compare 
Boucke, O. F., loe, dt,, pp. 603-4; Pearson, K., The Grammar of Soianee, 
1900, pp. 122, 128 et passim ! Niles, H. E., Genetics, 1922, vol. vii, p. 259.) 
. But whether this policy of deliberately ignoring a fundamental pbenomenoa 
of nature can be lastingly satisfactory must appear very doubtful; certainly, 
we cannot a&ect surprise at the fact that, adopting this policy, we riionu 
find ourselves in difilculties when we come to consider physiMl systeina 
comprising conscious, living matter—a consideration which the plq«iolat 
has hitherto avoided with discretion, or perhaps one should say with timidity, 
but for the attack of which sooner or later courage must be summoned. 
BUndecs may be a justifiable part of the Immess for a nervous hone, tnit 
they should not fvoperly form part of the equipment of the seascher altri 
troth. 
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The point of view that has here been developed conceives such 
causes as possibly at work in all physical events. What dis¬ 
tinguishes us from so-called unconscious, inanimate matter is 
not, according to this view, the presence in us, and the absence 
in it, of causation of this kind ; but the integration in us, the 
bending to one end, of influences which in it are more or 
less clootie, dissipative, bearing no relation to a controlling 
unity. 



ON THE FUNCTION OF SECONDARY 
SEXUAL CHARACTERS 

By J. C. MOTTRAM, M B. (Lond.) 

Nature, starting with a unicellular organism, has gradually 
evolved the highly complex vertebrate animal. This has been 
brought about by the specialisation of cells. At first there were 
colonies of similar cells forming zodgtoea-like masses. An early 
stage in specialisation was into a two-layered animal (g^rastula) 
in which the outer cells were designed to give protection to 
an under layer, the chief function of which was to digest food. 
A three-layered animal (blastula) was the next stage, in which 
the middle layer gave the power for motion and was responsible 
for the transport of food to the different parts of the body: 
and from this basis, through further cellular specialisation, the 
vertebrate animal can be traced. 

Nature has not been content to deal only with the cellular 
unit: directly animals began to aggregate themselves into 
herds, she began to work with individuals as she had done with 
cells. It is possible gradually to follow the increase ih specialisa¬ 
tion which separates an undifferentiated colony of animals from 
a modem first-class nation. 

We can imagine an advantage in all this specialisation which 
has gradually evolved from this primitive unicellular form of 
living matter. We can demonstrate the advantage of the 
specialisation of cells to a multicellular individual: for instance, 
tne protection of digestive cells by an external layer of cells 
especially differentiated to withstand injuries ; the capacity 
of transport provided by muscle cells especially differentiated 
for this purpose. 

So also, can be demonstrated the advantage of specialisation 
of the individual of a herd : for instance, in man, those who 
make the food are protected by soldiers, and all are transported 
from place to place by individuals trained in engineering, but 
who know nothing of soldiering or farming ; so that a nation 
exhibitii^ advanced specialisation has the advantage over a 
collection of undifferentiated individuals. 

It is thus clear that, no matter whether we are considerinjg 
the character of an individual cell of a multicellular animal, or 
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th4 character of an individual of a social animal, in an endeavour 
to correlate character with function, it is essential to take into 
account the particular part played by the cell or the individual 
in the economy of the multicellular animal or of the herd of 
individuals. 

If, for example, we find a character that is a disadvantage 
to the individual in the struggle for life, we must ask ourselves 
the question : Can it be that this character, though a disadvan¬ 
tage to the individual, may be an advantage to the society to 
which the individual l^longs ?—for instance, the inability of a 
soldier to grow corn or drive a motor may look like a serious 
disadvantage to him, yet these disadvantages disappear when, 
as members of a nation, these various wants are provided for. 

We can now pass on to consider secondary sexual characters, 
and to ask ourselves whether or no this differentiation of 
individuals can be brought into line with the cellular differentia¬ 
tions and individual specialisations already considered. When 
considering the character of cells, it is necessary to examine 
closely the particular function in the economy of the body 
which they serve: for instance, digestion by cells lining 
the alimentary canal, excretion by the cells of the kidney, 
etc. So, when considering individuals, the particular part 
played by the individual in social economy is a prime considfera- 
tion when endeavours are being made to account for characters 
which are not generally distributed among the individuals, 
but are present in one set of individuals and absent in another. 

Now these are precisely the conditions found in secondary 
sexual differentiation. Firstly we oteerve an association of 
two animals to form a pair, male with female, and secondly 
we observe that certain characters are confined to one sex: 
thus we have to ask ourselves what function these characters 
serve in the economy of the pair, rather than in the economy of 
the individual. 

We ^e not here concerned with an attempt to account for 
sexual differentiation ; we do not require to know what advan¬ 
tage lies in the differentiation of the sexual cells into two 
kinds, sperms and ova, nor in the housing of these ceils, in the 
majority of animals, in separate individuals ; neither are we 
concerned with any characters which regulate the sexual 
function; on the contrary, secondary sexual or extra-sexual 
structures are characterised by having no obvious connection 
with the sexual function. Thus it is that we are forced to 
ask ourselves whether these characters are related to a function 
of the pair, rather than to the particular individual, male or 
female. 

then, are the particular functions of males and females. 
In respect of the pair? 
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(0 Males as Protectors of the Pair.— Out own feelingi 
us as well as the ways of animals, that the male has a stroiw 
instinct to protect the female: here, then, we have a mak 
secondary sexual character clearly related to the pair and 
not to the individual, and correlated with this instinct are 
many structures which give the male greater offensive power 
than the female, such as powerful muscles, horns, antlersj 

spurs^ teeth, etc. . ' . 

We have now to ask ourselves what advantage to the pair 

can be this willingness of the male, rather than the female, to 
risk an encounter with an enemy and thus sacrifice himself ? 

The answer is not far to seek: it is because the female of 
the pair is of much greater value to the species than the male, 
and, further, the advantage to the pair must be the advantage 
to the species. In nature, neither the individual nor the 
pair counts, only the species : once survival is assured, the 
individual may disappear. 

(2) Females as Rearers of the Young. —Here also we have 

knowledge of an instinct often confined to the female, which 
provides for the protection and care of the young, and which 
u associated with a number of secondary sexual structures, 
such as pouches, mammas, etc. The utility of these to the 
species is very clear, and does not here require special con¬ 
sideration. , . , . , , , 

(3) Males as Defenders of Terrxtory. —It has long been known 

to field naturalists that pairs of animals preserve to themselves 
defined areas over which they hunt and find their food, and that 
the intrusion of another individual of the same species results 
in fierce combats. Howard’s British Warblers has shovm that 
among birds it is the male who is the defender of these territories, 
and that among migratory birds the males arrive at the 
breeding-ground before the female and defend it until she 
arrives. These combats often result in death, and the grwt 
muscular development of males and the various offensive 
weapons which they especially present are undoubtedly related 
to tms function of the male to fight with other males of the 
same species in mortal combat. This sacrifice of males is an 
advantage to the species : it gives a proper feeding^ground fw 
the rearing of a family, it promotes a wide distribution of the 
species rather than overcrowding at especially favourable situa¬ 
tions. For this purpose, the relatively non-valuable male hi 
sacrificed rather than the valuable female. . , . 

These extra-sexual characters are espeaally to be found 
in the polygamous species where the male (because of his piower 
to fertilise many females) is especially worthy of this sacrifice, 

** ^4)‘^if^swhoSacrifice Themselves toEnetnits.—V » hek ae e 
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lil luitare, which, as a rule, keeps the number of individuals of 
ft apecies more or less constant, ordains that individuals must 
h^uently fall victims to animals of prey. In view of the 
neater vmue of the female, it will be an advantage to the species 
^ of pairs, males are killed rather than females ; this is brought 
about by conspicuous colour or form in the male, often only 
assumed during the association of the pair, by structures which 
hamper his movements, and in other ways ; on the other hand, 
the female remains inconspicuously coloured and of a retiring 
disposition : she does not draw the attack of the enemy like 
the gaudy dress and striking form of her partner. 

Not all animals present these extra-sexual characters; in 
some birds and insects, for instance, both sexes are conspicuously 
coloured. Experiments have shown that these are relatively 
unpalatable—kingfishers, crows, etc.—^and their conspicuous 
colour is of a warning nature to distinguish them from other 
species and thus to warn an enemy of their distasteful nature. 
It follows that the association of conspicuous males with 
inconspicuous females should be especially prevalent among 
palatable speciesi—^those liable to attack from enemies. This is 
undoubtedly the distribution; the very palatable ducks, 
pheasants, and finches may be cited as examples. Further, 
polygamy, by decreasing the relative value of the male, should 
encourage these sacrificing methods : here, again, the prediction 
is true, as in the peacocks and the pheasants ; also the male is 
relatively decreased in value when he plays no part in rearing 
the young : this too is associated with brilliant males, as in the 
duc^ ; compare the partridge, which is not polygamous, and 
in which the male is as important to the young birds as the 
female—^both sexes are protectively coloured. Again, this 
character of the pair would be of no use to powerful animals 
able to defend themselves, as in the carnivora—hawks, swans, 
and geese, etc—^which do not present extra-sexual colour 
differences. 

FVom this theory it would be deduced that these characters 
would tend to disappear directly the pair was broken up; in 
very many cases tms is so, and in the case of the ducla, for 
instance, a special summer protective plumage is acquired by 
tibe male as soon as he deserts the female. It would also he 
deduced that the young would simulate the coloration of the 
female and be protectively coloured, but that, in unpalatable 
spedes, in which both sexes are conspicuously coloured, the 
young should in this case be conspicuously coloured also. T^ 
actually is a law of nature, with few exceptions. 

We now come to those rare cases in vwch the female is more 
eonqncuous than the male. 

Aoomdinii; to our thesis, we should expect to find that, for 
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some unusual reason, the female was of less value than tltt 
male. Now, in nature, males and females are usually approad* 
mately equal in number, and this is a reason why males are 
usually less valuable than females, for one male can fertile 
many females. But if females were to outnumber neatly 
males, their relative value would be reversed : this is the case 
in many of those rare instances where females are brighter than 
males. 

A second possible cause is, that sometimes the male alone 
tends the young, thus much increasing the relative value of the 
male to the pair. 

Hence the colours of males and females are always related 
to the eyes of their enemies : 

(a) In unpalatable and powerful animals, conspicuous 
coloration in both sexes to warn their enemies (in pre3dng ani* 
mals inconspicuous in both sexes, to be concealed from their 
quarry). 

(b) In palatable animals where the sexes are of equal value, 
protective coloration in both sexes so as to be concealed from 
their enemies. 

(c) In palatable animals where the male is the less valuable, 
the female is protectively coloured for concealment, the male 
more or less conspicuously coloured so as to draw attack on 
himself. 

(d) In palatable animals where the female is the less valuable, 
the male is protectively coloured and the female more or less 
con^icuous. 

Conspicuousness in nature may be produced by motion as 
well as by colour and form, and appears to be most often made 
use of at times of special da^er : when, for instance, a family 
is attacked by a preying animal, the parents will display con* 
spicuous movement to draw the attack on themselves, whilst 
the young hide. So, also, the male will draw the attach of an 
enemy from the female, who then behaves as the young do when 
the family is attacked. 

It will thus not be unprofitable to consider briefly the display 
of courtship, although our knowledge of them, much added to 
of late by such field workers as Howard, Huxley, and Selous, 
is still small. The activities play a rdle in the act of fertilisation, 
and at the same time give the performers an appearance of being 
in distress, to which all animals of prey are especially attracted; 
moreover, the displays which animals use to draw an enemy 
away from their young are very similar to, and often identical 
with, the displays of courtship. 

Now, just as with bright colours, so with these displa^t we 
find that in some species the male alone displays, as in tile 
peacock; in others, both seaces display, as in the crested 
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grebe ; in others, again, neither sex displays, or at most in a 
very simple manner. Further, there is evidence that the 
distribution of these variations in magnitude of display is similar 
to the distribution of bright colours. The most elaborate 
displays occur in palatable animals in which the male is leas 
valuable than the female (pheasants, blackcock). 

In unpalatable animals, display is much less in evidence. 
In palatable animals, where the sexes are equal in value, both 
sexes indulge in elaborate displays, as in cranes. 

It is difficult to be quite sure of these facts, as our knowledge 
of the distribution of display is much less than that of colour, 
and, further, it is by no means easy to assess a display—to say 
that this display is more elaborate than that. 

If this analogy between colour and display be true, then the 
selective factors which have been concluded to control the 
wearing of bright colours would also control the displays of 
courtship. 

If these displays are only related to the act of fertilisation 
it would be expected that unpalatable rather than palatable 
animals would freely indulge in them, instead of the reverse. 

If these dispia3rs are an important aid to fertilisation, it is 
difficult to explain why some species do without them, others are 
satisfied with a simple display, and others require an elaborate 
set of activities ; further, why, in some species, the male does 
not require the female to display, whilst in others he does ; and 
why some females are " coy,” whilst others are not. 

No theory of display can be of value unless it embraces these 
remarkable variations which we find on comparing one species 
with another. To summarise, this communication, which is 
itself very condensed, could not give a true impression of the 
theris which has here been laid down with the object especially 
of bringing to the reader a line of thought whkhg|S perh^ new 
to him. 
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In interest and importance the study of the sex-ratio merits 
a great deal more attention than it has received. During the 
last twenty years the problem has received practically no 
attention beyond casual mention in works on sex-determination, 
though previously the variation in the sex-ratio had been re¬ 
garded as valuable evidence upon which to build theories of sex- 
determination, and the study of the two had always proceeded 
together. It is becoming increasingly probable, however, that 
the phenomena presented by the sex-ratio are only roughly 
connected with the facts of the determination of sex and, there¬ 
fore, throw no exact light upon this problem. 

In the circumstances, therefore, the best approach to the 
whole subject is to consider sex-determination from a genetic 
and cytological standpoint, and to discuss the variation in the 
sex-ratio in the light of the conclusion arrived at. 

It is impossible to deal here with all the many theories of 
sex-determination, but this is unnecessary in view of the 
general, if qualified, acceptance of the' chromosome theory. 
The outline of this theory is sufficiently well known to need 
no description, and only one or two particularly relevant 
points need be touched on here. 

Sex-determination .—In mammals, with which we are prim¬ 
arily concerned, it seems that the males possess the odd chromo¬ 
some, and this means that in spermatogenesis the spermatozoa 
are dimorphic, one type possessing the unpaired chromosome 
and the other being without a sex-chromosome. 

Guyer has described dimorphic spermatozoa in a negro, 
and Von Winiwarter the same in a white man. These facts 
by the mode of inheritance of such sex- 
linked diseases as hemophilia and Daltonism. 

In cattle, horses, and pigs, Wadsedalek foimd that the 
spermatozoa were dimorphic, whilst the ova wer^ all of th^ 
same type. The argument that in one type of spermatozoa 
there are n chromosomes and that in the other there are »- x 

4*6 
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dvoBiOsomes, and that the male zygote has zn - z chromosomes 
while the female zygote has 2H chromosomes, leaves little doubt 
that in the cases studied by Wadsedalek, the accessory chromo¬ 
some, if not actually the cause of sex, is at least invariably, 
associated with it. In conjunction with the chromosome 
dimorphism of the spermatozoa, Wadsedalek found that the 
head lengths had a dimorphic frequency, suggesting that the 
extra chromatinic material of the one type increased the head 
size. 

Malone found an unpaired chromosome in the spermato¬ 
genesis of the dog, and Zeleny and Faust have shown the 
spermatozoa to be dimorphic in head length. 

Allen in the rat, and Yocum in the mouse, have found the 
spermatozoa to be of two chromosome constitutions, and in 
each of these animals the present writer has found dimorphism 
in the head lengths of the spermatozoa. 

It is thus clear that there is a considerable accumulation of 
evidence showing that the chromosome theory is applicable to 
mammals. The implication of this theory is that the sex is 
determined at conception and that no influence acting subse¬ 
quently can alter the determination. 

The Sex-ratio at Conception, Birth, and Maturity .—It is clear 
that the chromosome theory implies that there is a sex-ratio 
at conception and right through foetal life, as well as during 
individual life. The question thus arises as to whether the 
sex-ratio is constant from conception to senescence. A priori 
there is no apparent reason why the ratio should be constant 
through life, and such a result would, of course, be dependent 
UTOn the sexes dying equally fast, of which there is no evidence. 
All the facts there are point the other way, that sex-mortality 
is differential. In view of this, it would be of great interest to 
examine the sex-ratio at frequent intervals from conception to 
the greatest age attained by individuals ; but with the partial 
exception of man, sufficient data do not exist for such an under- 
takiiw. The problem is, however, brought into more manage¬ 
able Umits by the selection of salient points in the life-cycle 
and comparing the sex-ratio at these different epochs. 

There are three well-marked stages in mammalian life, 
conception, birth, and maturity, and these form convenient 
milestones at which the ever-fluctuating sex-ratio may ^ ex¬ 
amined. The conception-ratio, as such, is inaccessible, but, m 
the birth-ratio can usually be accurately determined, a coh- 
sideration of the changes occurring between the secondary* 
and the primary ratio will throw some light on its general 
nature. It has been mentioned that in all probability sex is 

* Tha tama primary, secondary, and tertiary have been respectively 
e«g|Mtad for the sex-ratiOB at conception, birth, and mattoity. 
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irrevocably determined at conception and, therefore, dimifea 
in the sex-ratio between conception and birth can only 
as the result of sex-reversal or unequal elimination of the 
sexes. In each case the importance of the factor is govtamed 
by two things—^the amount and the sex-incidence. Sex-reversal 
is of negligible importance and may be dismissed frim a 

g ractical standpoint. The relative elimination of the sexei, 
owever, is of immense importance, as an example will make 
clear. Suppose that at birth lOO males and loo females are 
found, and suppose it is known that 40 males and 10 females 
have been eliminated between conception and birth. Tlani 
the primary ratio will be 140 males to j 10 females, which is 
a sex-ratio of izy’z' as against the secondary ratio of 100. 

The Amount of Fatal Elimination. —First, to deal with the 
amount of foetal elimination. A review of the literature dealil^ 
with the elimination of conceptuses leaves no doubt that this 
process goes on in two wa3rs. The most common and generally 
recognised manner is, of course, abortion, but retrogression and 
possible reabsorption of conceptuses also seems to be a factor 
requiring recognition. My own experience with mice illustrates 
this. In some cases the most remarkable variation in the size 
of the conceptuses was found on dissection, and in one uterus 
every grade was present between a large healthy fcetus and a 
degenerate cyst, smaller than the apparently normal placenta 
to which it was attached, whilst other conceptuses had probably 
disappeared entirely. This disapp>earance cannot have been 
brought about by abortion, as such a process would have 
terminated the pregnancy entirely. There is a method of find¬ 
ing out roughly how many fertilised ova fail to produce normal 
full-time foetuses. The number of ova liberated can ^ asoer- 
tained by counting the corpora lutea left in the ovary, and when 
a doe has been in continuous contact with a male, the great 
probability is that all the eg^s ovulated will be fertilised. Thus 
by comparing the number of corpora lutea with the num^ 
of normal foetuses, the number of foetuses which have been 
eliminated can be found. In my own work on mice, in 8 does, 
74 foetuses were found the day partmition was due, and on 
sectioning the ovaries, 82 coipora lutea were observed. This 
shows a loss of 8 ova, which is a p>ercentage of 97 of the pre¬ 
sumable conceptions. In the rat Long and Evans found timt 
the average size of litter was only 67, whereas the aven^ 
eggs ovulated was 10, which shows a very h^ 
elimination rate. Hammond in a number of pigs found *67 
normal foetuses and 396 corpora lutea, a loss of 48*3 oVa .pet 
100 normal foetuses ; and loi normal foetuses and ii6 c<Hi>ora 
lutea in 80 ewe sheep, a loss of 14-8 per cent. In these cases 

‘ Cyealated tbroughoot w awles par too ieflialM. 
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mwlaaond's a number of the missing conceptuses were found 
as atseilduc remains. 

Ttms in the four cases in which investigation has been made 
the ateount of foetal elimination is considerable. 

amount of abortion is little known for animals, if we 
make the partial exception of farm live-stock. In man, how- 
cver> the facts are better known, and a table given by Routh 
shows an average from seven authorities amounting to about 
ao per cent, of all pregnancies. From the records of St. Mary's 
Hospital, Manchester, I found that the abortions from 1911 to 
1990 amounted to 1,659 as compared with 8,384 births. This 
gives 16*5 per cent, of all pregnancies. It is clear, therefore, 
that the amount of foetal elimination is large-H^uite sufficient 
to have a profound effect upon the birth-ratio if the sex-ratio 
of the eliminated conceptuses is at all peculiar. 

The Sex-incidence of Foetal Mortality .—^With regard to the 
sex-ratio of foetal retrogression, there appeared to be no (data 
available. One of my own experiments, however, seems to 
throw light upon this problem. Kirkham’s work with mice, 
on the prolonged gestation of a litter which immediately follows 
a preceding one, has shown that the effect of lactation concur¬ 
rent with gestation is to inhibit the implantation of the blasto¬ 
cysts. Also, continued suckling of a first litter by a re-pregnant 
doe must make conditions for the litter in utero about as bad 
as possibly could be, and one would therefore expect more 
elimination to occur in such litters. This was actually found 
to be so. In does with superim|>osed litters the elimination 
oi foetuses was found to rise to as much as 93*1 per 100 normal 
foetuses. In view of this greater elimination, the sex-ratio of 
these second litters is of great interest. In cases where the 
previous young had been suckled less than six days, the sex- 
ratio of fourteen litters was 80*5, and where the previous young 
had been suckled six days or more, the numbers of males per 
too females was only 62. In view of the normal equality of 
the sexes in mice, these results clearly show that bad conditions 
«M utero, causing more eliminations, penalise the males to the 
greater extent, and that the sex-ratio of foetal eliininations has 
a ^finite excess of males. 

Estimates of sex-ratio of abortions vary betwem 250 and 
101, with an average of about 150, and in no case has investiga- 
^n shown an excess of females among abortions. The <»ne dr 
two assumptions which have been made that abmtion falls 
most heavily on the females seem to have been manufactured 
for the purpose of explaining particular phenomena. As 
imiporting the supposition an excess of males amoi^ abor- 
the well-known sex-ratio of stiHInrths may be mentioned^ 
|Na^ gives BgaxtA for eleven European cxmntries, and the 
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variation is between 124*6 and 142*2, a range well in k|»efnii| 
with the estimates of other authorities. At St. Mary’s Ho^pitttl 
I found that in 1,358 stillbirths the sex-ratio was 133*6. 

The Sex-ratio at Conception .—^We have now discuned the 
two necessary factors for arriving at a rough estimate of the 
conception-ratio. With values for these factors at his com¬ 
mand, Schultz calculated a primary ratio of about 108, which 
is rather lower than the calculations by other authorities, whidh 
go as high as 116. Confirmation of the hypothesis that the 
conception-ratio is higher than the birth-ratio is to be found in 
Jewell’s work on the foetal sex-ratio in cattle. This author 
found in 1,000 foetuses a sex-ratio of 123*21, which is far above 
the estimates of the birth-ratio in cattle. 

Post-natal Mortality .—Having considered the changes which 
take place between the birth- and conception-ratios and the 
consequent nature of the primary ratio, we may now consider 
the changes taking place between the birth- and maturity- 
ratios and the consequent nature of the tertiary ratio. In this 
case, of course, we have information as to the exact nature of 
the maturity-ratio in man. In other mammals little or nothing 
is known. Wild animals are difficult to sample representatively* 
and the preservation of domestic animals depends largely on 
selection for economic purposes. For man, however, a fairly 
complete study can be made. The average birth-ratio in 
England and Wales from 1838 to 1914 works out at 104*1 with 
very little fluctuation, the highest for this period being 105*0 
and the lowest 103*2. This means that at birth a small but 
definite preponderance of males exists. To take the year 1913, 
the birth-ratio was 104*0, but during the first month of life the 
sex-ratio of infantile mortality was 129, during the second and 
third months 132, and the average for the first year was 125. 
This agrees very well with what has been said about the sex- 
ratio of prenatal mortality. During the first five years of life 
the sex-ratio of mortality is 118*4, and for individuals between 
five and ten years old the sex-ratio of mortality is 100*7. At 
ten to fifteen years of age, however, the sex-ratio of mortality 
is 93*3, and this is the only period during the whole of the life- 
cycle in which the sex-ratio of mortality is below equality, that 
is to say, where more females die than males, ‘nie reason is 
obvious. From then to the age of sixty to sixty-five, the sex- 
ratio of mortality shows a progressive and continuous rise and 
afterwards a slight decrease. 

From the sex-ratio of infantile mortality it is not hard to 
see that the original excess of males is constantly reduced 
and the males soon become a minority. Thus during the first 
year of life the sex-ratio is 102*0 as against the birm-ratio of 
104*0, and in the second year of life the ratio is 101*5. In the 
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third to RRh years this has decreased to ioO'3, the average for 
the first ^e years of life being loi. In the second five years, 
from the age of five to ten years, the females have assumed the 
lead and the sex-ratio is reduced to 99*9, With the exception 
of slight rises in the sex-ratio at fifteen to twenty and at forty to 
fifty years of age following the slightly increased mortality of 
femam at ten to fifteen and at forty to forty-five years of age, 
the preponderance of females steadily increases from the age of 
ten years right through life, until at the age of eighty-five and 
over, the sex-ratio of about 65,000 individuals is 55-a. 

Having briefly considered the variation in the sex-ratio 
fi*om conception to senescence, we may look in some detail at 
the birth-ratio, which is the only ratio of the three of which we 
possess material for an analysis. 

The Variation in the Sex-ratio at Birth .—From what has 
been said about foetal elimination it is clear that fluctuation in 
the secondary ratio may be the product of either of two factors, 
a varying amount of differential prenatal mortality or a varia¬ 
tion of the primary ratio with an approximately constant 
amount of elimination. It is, therefore, interesting to consider 
the circumstances in which the secondary ratio does fluctuate, 
and to endeavour to determine the probable cause of the varia¬ 
tion. This dual aspect of the secondary ratio will very probably 
be seen to account for the peculiar anomalies which have so 
far beset the study of the sex-ratio. For instance, it is well 
authenticated that the age of the mother has some influence 
on the sex-ratio of the offspring. This fact is in direct con¬ 
tradiction to the supposed sex-heterozygosity of the male, 
because if sex is determined by dimorphic spermatozoa, the 
mother is automatically excluded from any influence on sex- 
determination. Considering the recognised influence of the 
age of the mother, Goldschmidt is led to doubt the chromosome 
theory of sex-determination. It should be noticed, however, 
that the only ratio which we know to be affected by the age of 
the mother is the secondary ratio, whereas the facts of seat- 
determination and the heterozygosity of the male are concerned 
solely with the primary ratio. The possibility thus arises that 
changes between these two ratios may account for the influence 
of the age of the mother. Working from the records of St. 
Mary’s Hospital, I found that the amount of abortion increases 
from 17 per 100 births in the case of mothers of thirteen to 
seventeen years of age, to 43*6 in the case of mothers of forty- 
three and over. It is evident, therefore, that the amount of 
foetal elimination varies very considerably with the age of the 
mother and, as we have shown above, the sex-ratio of foetal 
eli mina tion is very high. Thus the fact that the secondary 
sex-ratio decreases with the ageing of the mother is very 
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probably accounted for by this varsdn^ amount oflKfrerel:^ 
eUmination. Thus there is no inherent incompatibil^ betiween 
the theory that the mammalian male is heterozygous for* sex 
and the observed influence of the age of the mother on the 
birth-ratio. 

Another factor which has been said to influence the birth- 
ratio is the parity, that is to say, the number of the pregnancy, 
and lowering of the sex-ratio with later births has been de^ribed 
for man, rats, and mice. Here again it is hard to say how 
influence by this factor on sex-determination can be harmonised 
with sex-determination by the male. From the records men¬ 
tioned above, however, I found that very probably the same 
explanation holds good as did for' the influence of the age of 
the mother, and that the influence is not in determination, but 
in elimination. < 

Another factor which is said to influence the birth-ratio 
is the relative age of the parents, but as the dozen or so authors 
who have investigfated the subject seem to be fairly evenly 
divided as to what the results are, it is difficult to explain 
supposed influence. 

The high sex-ratio among Jews has been a source of endless 
controversy and various speculations have been made. It seems 
very probable, however, that the great care taken by pregnant 
mothers of this race reduces the amount of prenatal mortality, 
and the consequent decrease in the wastage of males before 
birth sufficiently accounts for the slightly higher birth-ratio 
which is found. 

Punnett, from a consideration of the birth-ratios of different 
classes of people in London, came to the conclusion that, if 
nutrition had any effect on the determination of sex, it waS in 
the opposite direction to that which is usually supposed. He 
found that in the poorest classes the sex-ratio was low, less than 
equality, and in the higher classes, represented by Burke’s 
Peerage, the sex-ratio was found to be over 107. This is just 
the reverse of what would be expected from the old theory 
that bad nutrition produces an excess of males. These results 
puzzled Punnett considerably and led him to aban^n the 
supposition that metabolism affects sex. Much the most JUmfy 
interpretation of these results, however, is that the birth-ratiw, 
as found, were in no way representative of the respective |ni- 
inary ratios. There can be no doubt that the amount of differen¬ 
tial elimination between the primary and secondary ratios ^ 
infinitely more in the class showing a birth-ratio of 99 than to 
that where it is 107, and it is probable tl»t the {udmaiy ratio 
the ill-nourished class was not lower than that of the weU^ 
nourished, but ttet differential eUmination had produ^ tfato 
result in the birth-ratio. It is possible to investigate ttos 
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IMiiitt by finitng a case of varying nutrition where the amount 
of prenatal ^Elimination might reasonably be supposed to be 
alxmt constint. In the Report of the Registrar-General for 1919 
there is a g^^ph showing tne sex-ratio at birth of England and 
Wales since; 1876, together with The Economist index number 
of the wholesale price of food. It will be seen from this that 
the varia^on is extraordinarily concurrent, that when the 
price of food is low the sex-ratio is also comparatively low, 
and that t^e rises are also coincident. In these cases the results 
cannot be due to foetal elimination, because the bad conditions 
are correlated with increases in the sex-ratio, not with decrease, 
as would result from foetal elimination. Thus it may be assumed 
that the birth-ratios expressed in this ^aph are more or less 
indicative of the conception-ratios, and tnat the conception- 
ratio therefore increases under bad conditions. This is probably 
the exi^nation of a number of experiments by Schul^, who 
found that excessively bad conditions over some months pro¬ 
duced no effect on the birth-ratio in mice. What appears to 
have happened is that bad conditions raised the primary ratio, 
and that the excessive amount of foetal elimination, consequent 
upon the severe conditions, afterwards reduced the ratio again 
to something approaching the normal. 

Origin of the High Primary Ratio .—^We have seen that 
the birth-ratio is usually somewhat above equality and that 
thE in’imary ratio is almost certainly very much more above 
equality. This has to be brought into line with the fact that, 
on chance, it would be expected that an ovum would have an 
eqml chance of being fertilised by a Y-spermatozoon or an X- 
spcimatozoon and that an equality-ratio would result. The 
that it does not appear to be so has been used to criticise 
the mechanistic conception of sex-determination, but this is 
redly unnecessary. Granted that the spermatozoa are f<»*med 
uStMual numbers, it does not necessarily follow that an equal 
nuniDer of each type would reach the ovum. There are two 
WUys in which the equilibrium might be disturbed. First, the 
mermatozoa are known to live very considerable periods, and 
miring this time there must be an intense struggle for existence, 
and we may reasonably suppose that the fittest survive in the 
llPeatmt majority. In thb struggle for existence the possessioc 
elan extra chromosome may be a disadvantage or an advantage, 
imd consequently one tjipe or other may survive in greater 
numbers. The second way in which the cadginal equifiiaium 
Umy be disturbed is in the relative mobility of the two types, 
fhe i^ermatozoa always have a long way to traverse on their 
own account in the female genitalia, and it is knovni that the 
Ifotance may be very great compared with the sise’ of the sper- 
purinUba. What happens is a race to the ovum, and the 
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possession of an extra chromosome may again be either a die- 
advantage or an advantage, thus handicapping or assisting its 

E ossessor. In many cases, as we have shown above, the head 
mgths of the spermatozoa vary according to the presence or 
absence of the extra chromosome, and owing to their minuteness 
the spermatozoa are possibly greatly assisted Brownian 
movement, which would have much more effect in the case of 
the small-headed type than on those possessing long heads. 
The possibility of differential mobility and virility of the two 
types of spermatozoa accounting for the inequality of the 
primary ratio has been hinted at by a few authors, including 
Thomson, Bugnion, Doncaster, and Morgan, but as yet the 
experimental aspect is unexplored and presents a fascinating 
field for future work. 

The Inheritance of the Sex-ratio .—No discussion of the sex- 
ratio would be at all complete without mention of the question 
of its inheritance. 

There is some confusion of thought between the heredity 
of sex and the inlwritance of the sex-ratio. The former really 
implies that sex is determined by properties inherent in the 
gametes, and not by extraneous circumstances. The inheritiince 
of the sex-ratio is a rather different matter. This term implies 
that the proportion of the sexes in the progeny of an individual 
is subject to hereditarj'' influence. This statement, however, 
needs to be examined a little more closely. From the nature of 
the dimorphism of the spermatozoa of mammals it is obvious 
that there must always be an hereditary tendency to produce 
the sexes in approximately equal numbers, so that the general 
nature of the sex-ratio is hereditary, just as much as the 
capacity for spermatogenesis is hereditary. Thus far the 
heredity of sex and the inheritance of the sex-ratio are S3mony- 
mous. 

The usual meaning of the term “ the inheritance of the 
sex-ratio ” is rather different. We have seen that, while there 
is a general tendency for the sex-ratio to be one of approximate 
equmity between the sexes, absolute equality is rare. Thus 
the question arises as to whether, in addition to the mftrh anitm 
tending to produce the equality-ratio being hereditary, the 
factors causing disturbances of the equality mechanism, and 
producing the slight divergences from equality, are also Wedi- 
tary. This point usually constitutes the problem of the 
inheritance or non-inheritance of the sex-ratio, and should 
really be expressed as the problem of the inheritance or non¬ 
inheritance of the factors causing divergence from equality in 
the sex-ratio. 

Wood, Heron, and Weldon have worked the problem out 
from a biometrical standpoint and have come to the conclusion 
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that there is ao inheritance of the sex-ratio. All these authors 
took litters as the unit, and worked out the correlation 
between the sex-ratio of parental sibships and filial sibships. 
Starting from rather a different standpoint, I examined a large 
number of human genealogy tables, with the result that I 
found six in which the sex-ratio of the whole family of some 
hundred of individuals was more than i lo, thus bearing out 
the agricultural assumption that there are strains in which one 
sex or other strongly predominates for generations, and which 
would therefore appear to indicate the inheritance in some 
cases of the sex-ratio. When analysed, these families showed 
a total of 1,001 males to 791 females and a sex-ratio of i26-6. 
The interesting point appeared when the male lines of these 
families were separated from the female lines. The sex-ratio 
in the male lines was found to be 142*5 and in the female lines 
102*5. Now there is every reason to suppose that members of 
these families had, on the whole, married persons with normal 
sex-tendencies, and the fact that in the male lines a very high 
sex-ratio was found suggests that the male-bearing tendency 
derived from the male-bearing strains overwhelmed the normal 
propensity of the females married and kept the ratio high. 
The female lines, however, show a ratio which is practically 
normal, and the females cannot, therefore, have carried the 
abnormal tendency vested in the family as a whole. These 
results indicate, firstly, that the sex-ratio is in some cases 
inherited, and secondly, that it is inherited through the males, 
who must therefore be the determiners of sex. This, however, 
is far from postulating the universal inheritance of the exact 
nature of the sex-ratio, and it is most probable that the factors 
which have the greatest weight in moulding the sex-ratio at 
birth are in no way hereditary. 

Conclusion .—Considering the general trend of the above 
discussion, it would not seem too much to say that the phe¬ 
nomena presented by the sex-ratio of mammals can all be 
explained in harmony with the chromosome theory of the 
sexrheterozygosity of the male. Also, the interesting generali¬ 
sation may be made that the sex-ratio at any given time is a 
product of the proportions of the sexes at conception and the 
amount and sex-incidence of the ensuing mortality. 



THE GROWTH AND DECAY OF 
COMMUNITIES 


By Prof. Sir FUNDERS PETRIE, F.R.S., F.B.A. 

University, London 

When, a dozen years ago, I attempted to trace the successive 
waves of human activity, the application of such historical 
results to the present time seemed more than would be tolerated 
by modern self-satisfaction. The comparison of past periods 
suggested that a collapse was not far distant, but I could only 
hint such a conclusion, which would then have been scouted' 
as impossible. Yet recent years have shown the weakness 
which underlay the prosperous appearances. The War only 
revealed this weakness, it did not cause it. The cause lies 
much deeper. For a few months after the War our national 
credit, and that of Central Europe, stood only a sixth above 
and below that of France. It was then believed that there 
was little difference of stability, the War was but an episode 
in the opinion of men of business. Four years have served to 
ruin Central Europe, and greatly depreciate France, solely by 
the inherent weakness of the present stage of civihsation. 
The folly of war has been much less than the follies of peace, 
the destruction by the policy in peace has been the more 
deadly. 

Now that the realities of life are before all men, we map 
try to gather somewhat of the causes which underlie growth 
and decay in communities. Diseases must be diagnOMd 
before they can be resisted. It may be the clearest way 
to look first at communal conditions, then at the in- 
dividual character involved, and lastly at the various efliocta 
of change. 

The last great cycle of dvilisation in classical times is that 
best known, but we can draw to some extent from ^Uer 
cydes. The plainest result is that each cyde has had a sim^ar 
growth, in the successive order of Art in sculpture, painthtg 
and lit^ture, and after that in the physical enansiop hi 
mechanics, science and wealth. This constant order givei a 
good reason for regarding the study of it as a purely sodiriilc 
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itatement of plenomena, and not as a matter of motly 
personal impt^ion. The history of human eclipses is as 
determinate a|» that of solar eclipses, and much more 
important to us. 

In reviewing the rise of communities, the earliest need which 
compeb unions is the need of defence ; it is that which holds 
together the rudest tribes in order to resist wild animals 
and the aggression of other tribes. It was always the most 
potent bona in the past,—defence against Persia, against the 
Gmbri, against the Helvetii, against the Goths, against the 
Danes, as wq can remember it in 1859 against the Austrians 
in Italy,—^in each case it was defence which welded the com¬ 
munity together. Does anyone suppose that without this 
need, the various States of our Empire would hold together 
for a single generation ? In the decay of States, it is the 
habit of security, in which men forget the past necessities, 
which leads them to disunion. A possible foe is a welcome 
stimulant to a State. It is but a short-sighted view to prefer 
8<^ration where any tolerable union is possible. Long-sighted 
C^chs sav they would not have wished for separation from 
Austria if they had enjoyed the equality which Ireland had 
with England. 

The next need for a rising State is subordination, to prevent 
trespass between its subjects. The ruin of ancient Greece 
was its lack of subordination, only the firmest force held it 
together for any purpose. The insubordination of the third 
oezittury in the Roman Empire destroyed its capacity to resist 
tibte bvbarians ; it was only the stern measures of Aurelian 
aad the organisation of Diocletian that gave it a century of 
famatMng space, in which to educate the races that threatened 
to. The firm governing by the Normans gave each country 
which they dominated, the power to rise rapidly. When the 
habit of agreement has g^wn, it constitutes obedience to law, 
m .a substitute for force. But this habit of legalitv leads to 
a loss of resource, which leaves people helpless, as the Britons 
mme .on the retreat of Rome, and as various peoples would 
BOW he, if we left them unsupported. Somewhat of this same 
addon of law, is seen in the tame acquiescence in various 
mummNdiments of our own bureaucracy. 

Tilte extent of subordination and control has usually been 
atowtciwd or abused, for (1) safety, (2) advantage of trade, 
^f) naanopolies, or (4) for sheer plunder of goods. 1%e last 
we Jnay leave aside, as we know its futility for any permanent 
adsniata^; end monopolies, as in Madagascar, are only a 
lidlmtcd form of plunder. Trade advantage is sound enough, 
is entirely right if it prevents a monoTOly by others, 
the termsvon which we hold all the Crown Ckdonies. 
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The stretch of control only for the sake of safety, was the 
cause of growth of the Roman domination, though later abused. 
The hold of Rome on the Rhine or the Euphrates was solely 
for safety ; and such is the reason of our hold on Egypt and 
on Southern Ireland at present. 

We now turn to the more serious factors of individual 
character. Of these, foresight and imagination are the most 
essential; they stimulate protection against troubles, and 
provide against future difficulties. In the portraits of the two 
great kings who established the organisation of Egypt, Khufu 
and Khafra, we see expressed the most powerful foresight. 
In the rise of Roman power, there was always the tenaciota 
foresight which made the people ready to suffer for the sake 
of their future. After the sack by the Gauls, after Cannae, 
in the Italian revolt, it was foresight which gave them the 
tenacity that saved them. It was foresight which distinguished 
our greatest kings, whose work still lasts, William I, Edward III, 
and William III. The kind of subordination required is that 
of co-operating with the foresight of the ruler, while retaining 
to the full, individual enterprise. Any limitations which are 
not essential are certain to check the useful activities, as we 
see in the trade restrictions of the Middle Ages. 

National Justice and Honesty have been an effective road 
to power, though usually corrupted by success. The Persians 
thought a lie the greatest disgrace, and being in debt was 
almost as bad ; that was the foundation of their control of 
the world. The Roman entry on international power was due 
to their character for a disinterested love of order. They were 
invited to interfere with the overbearing and disorderly Gre^ ; 
after doing so, they exhorted them to common sense and decent 
conduct, and then retired altogether, leaving the Greek cities 
free, with a liberty which they abused as they always had done 
in the past. Polybius says, " Greek statesmen, if entrtnted 
with a single talent, though protected by ten checking clerki, 
as many seals, and twice as many witnesses, yet cannot be 
induced to keep faith ; whereas among the Romans . . . men 
have the handling of a great amount of money, and yet 
from pure respect for their oath, keep their faith inta^.f* 
A couple of centuries of success altered this chara^ev, 
We know what a very large asset in our favour has been tlw 
reputation acquired abroad by our officials and merchant*"; 
and our last transaction with the United States has been true 
policy at all costs. 

National unity, however essential for a rising power, has 
its perils after greatness is reached. Too strong a raeiel' 
feeling leads to despising other nationalities, and aveidiaf 
intermarriage with them. Every great period of civilisatiail 
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Im been the product of a racial mixture, though it ia only 
some mixtures that will produce greatness. A plant will 
deteriorate or die off if always propagated by slips ; it needs 
a mixture introduced from different conditions and character. 
So it seems to be with races ; a new variety of mind is needed 
to adapt an old type to a fresh lease of life. In Egypt every 
M^t period was led by a foreign race coming into power. 
The prehistoric and dynastic ages show more than a dozen 
foreign conquests, which brought in successful races from all 
quarters. In Greece it was the northern Achaians that 
funded the classic period. Rome was incessantly invigorated 
by incorporating fresh races, so much so that at last the 
armies were entirely foreign. England from its position on 
the edge of a continent, and with an easier climate than the 
mainland, has had the immense benefit of continual mixture 
preventing stagnation. The Bronze Age men flocked over 
from the Rhine ; the Celts followed,—the Atrebatii, Belgae, 
Parisii, and others were equally on both sides of the Channel. 
Many more races were poured in by the Romans as auxiliaries. 
Then the Saxon and Dano-Norman invasions covered the 
land. The Flemings brought in trade and ability. The 
religious persecutions, and, above all, the Revocation of the 
Edict of Nantes, drove the best brains of the West over here. 
Within our own memory we have benefited much by very 
able men finding a freer scope here than on the Continent. 
This recombination of abilities every few centuries has resulted 
in the mixed race having now occupied a large part of the globe. 
Each of the stocks has contributed some needed qualities. 
Ixithrop Stoddard has remarked on the imiform physical type 
of English administrators, vdthout realising that he is precisely 
describing the Norman, which was the most able ruUng race 
wherever it went. Probably the physical causes are the same 
as underlie the strength of Japan, where certainly at least 
three different types are apparent. This continued reversion 
tn the different ancestries gives an obvious advantage, as 
providing the variety of t3q>es which are needed for different 

How far will this mixture extend ? In the United States 
the imperceptible shading from black to white in a large mass 
^ the people, and the introduction of a large proportion of 
dark south Europeans, promises to unify nearly the whole 
i^ulation in a few centuries, despite the bitter antagonism 
Of tile pure whites. The Dutch have a lar^ mixed population 
tkt the Cape and in Java, like the English in India and the 
Fitach in Canada. Too many of these were mixtures of the 
ttiildtisirables on both sides, for us to make any fair appreciation. 
Tfaa^Scotch in Canada and New Zealand seem to have made 
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some successful blends with the fine type di^tives of those 
lands. The example of South America is helf put as evidence 
of the bad results of mixture of races which ^ too divergent. 
From this point of view it would be interesti|i|[ to km>W of a 
blend of the Mongolian type of north Scotland i^h tittninthern 
Chinese, where there seems already some common ancestry, 
and yet diversity of civilisation. This might proive a favourable 
line for the introduction of some of the (^nese qualities whidh 
are needed here. 

Having looked at the factors needful in the rise of a com> 
munity, it remains to consider those which cause its decay, 
and which we need to study in order to avoid them so far as 
possible, and postpone their action. In the ear^t civilisao 
tion which can be traced, reign by reign, we see ip Egypt t^ 
extremely rapid rise of construction, reaching the highest 
perfection of accuracy, and the finest art, and then a slow 
decline in continual copying and cheapening of t|ie wmk, 
until it fell into a barbaric style. This is the t5rpi(^ course 
of every civilisation, not only in Egypt, but in all countries. 
The decline is always gradual, almost imperceptible, until 
some external force collapses the hollow form. 

Rome is the great example for us to study, as we 
know so much detail of its social state. It began its 
downfall by the democratic provision of half price c<»n to 
the citizen, and finally free com from abroad. This was to 
favour the townsman, regardless of the countryman and Ids 
living. The first result was farming by slaves, and latetf 
the depopulation of the country, so that the richest districts 
of Gimpania, Etruria, and Lombardy were almost witlumt 
inhabitants, and Rome entirely depended on the AMcan com 
fleet. The trade unions raised the price of labour, and M 
order to meet the difficulty of housing the poor, the buildevi 
were granted a monopoly, on condition of their doisg woi4i 
for the proletariate at a nominal rate, that is, at the'COSt 
of all atmve them. We attain the same end by doles out 
of taxes. 

Each master had to supply an amount of cheap w<»lc in 
proportion to his registered ^pital. Therefore everjMMM 
worked with a minimum of capital, and this was legally sni|it 
by making all the cmital inalienable firom the business % 
which it was used. Then no children, boys or mIs, 
leave the business, and take their share of capital out M ft. 
Thus all trade property, and its owners, and their desoendasitilr 
were tied for ever to their respective businesses. By a.d. 
no one might leave a business, and by a.d. 369 all piroporW 
was tied up to the btuiness in whicn it was placed, llpl 
aU arose from the ^le system and compulsory trade uslMiM, 
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It it little wonder that a blast of free barbarism was welcomed 
to sweep away this parody of civilisation. 

Connected wnth tnis there was a steady depreciation of the 
imrrcncy, and an exactly compensatory rise of prices. This 
was evidently carried out by the Trade Unions, rivalling each 
other in advancing prices, each trying to profit at the expense 
(rf others, as railwaymen, builders, and bootmakers do now. 
When this course had reached the limit of the silver coin being 
reduced to plain copper, no further depreciation seemed 
possible, as printed notes did not exist. Then Diocletian put 
out his edict of prices at copper values, to fix the standard 
against further advances by the Unions. But this did not 
stay the plague. The Unions continued to advance prices in 
nominal money of account, and deemed the copper coin higher 
in such money of account. This system, by continually reducing 
debts during a couple of centuries, wiped out the ready-money 
capitalist, and must have thus greatly increased the rate of 
interest. The scramble went on (like ours of a couple of years 
Sigo), and it continued till the prices in nominal value were a 
million times the original amount. Germany has beaten this by 
a rise of a thousand million. The result was that prices began 
to be regulated by fractions of the gold coin, as small as of 
the solidus, or A of a penny, but usually A or A of the 
solidus, 7d. or s<f. as a unit. This of course had to be 
paid in silver or copper at a current ratio to gold. It 
all sounds very modern, and if the troubles of the past 
had been commonly known, they might have saved the wreck 
of the present. 

The lesson for us in this steady depreciation of currency 
during many centuries in Rome, is that it undermined the 
habits of saving and of self-denial. It taught every man to 
look to the Government for his dole of food, instead of relying 
on his own work and his savings. This reliance on others 
is one of the greatest causes of insecurity in a community, 
as it is bound to put the cost of the careless on the shoulders 
of the careful. If the careless were compelled to live like the 
icareful, there might be some claim for help. But when we 
see that the careful man now cannot afford to marry till 30 
W 40, why should the careless who marry at 20, expect dotes 
in every form from those who deny themselves in order to 
meet tneir own obligations ? The careful man now will 
avoid buying food which he deems extravagant; why then is 
'IM' out of ms self-denial to pay for education and doles for 
careless who squander on luxuries ? In every direction 
prop<»tions of expenditure of those who rely on help from 
is more wasteful than the expenditure of those earners 
taxed to pay this assistance. There can be but one 
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end to such a system, general poverty. Even the lea<ien dt 
the careless are auite unabashed. They demanded a capital 
levy on the careful, to pay for the reduction of taxas on cinemas 
and beer for the careless. Now with a fine zeal they demand 
fifty millions for education, and propose to take it from our 
national defences, which do not cost a third of the 40Q millions 
spent on drink. When those who wish to reform this world 
have such a sense of proportion, there is little hope for the 
future if such a system continues. 

One of the greatest economic questions now is the return 
due to parents who bring up future citizens. The only proposals 
made are to throw the expense on taxation in various forms, 
of education, free meals, and costs of maternity. It is entirely 
disregarded that the money for this is to come from those 
who are struggling to raise a family without assistance. The 
legitimate solution would be that the wages of all men up to 
at least 2$, should be largely banked by the Government, 
individually, and that out of this they should receive help , for 
children later on. The older habit of personal saving, and 
gaining sufficient before marriage, having disappeared among 
the careless, the only rightful substitution is compulsory 
saving, and that should be taken from those who are to 
benefit by it. 

In many directions we see the tendency is to those courses 
which have led in the past to the dissolution of communities. 
In each case it is the easy course. The depreciation of currency, 
in which all belligerent Europe has indulged, is the worst 
form of a capital levy. It taxes all those who have trusted 
to the good faith of others by lending, that is, the saving 
class. It adds to the profits of,the manufacturer who has 
borrowed, instead of taxing him; it discourages all saving, 
and promotes waste. Every day by its fluctuations it destroys 
the possibility of any permanent arrangements in business. 
We have resisted this easy course, but there is pressed on us 
as a substitute, the capital levy. Here again it is to penalise 
the careful for the benefit of the careless. Who will save, at 
least in his own country, if the result of his self-denial is to 
be taken from him ? Rather will everyone spend on themselves 
all that they receive. A levy would be an ignoring of debts, 
which would mean the stoppage of any powers of borroiying 
by Government, and in future having to pay very high interest 
to cover the risk of confiscation. The instant result would be 
the exportation of the fluid capital which forms the wage 
fund, before it was seized by the levy, and therefore the 
stoppage of all wages. 

The idea of the State taking from one person in order to 
present benefits to another is fundamentally unsound. When 
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carried out to a large extent, as by Rome, it ruins the whble 
communit]^. When we tried to follow it in the old poor law, 
it had similar effects. Wages went down and taxes increased 
so that there was no economic basis left. Our experience of 
a century ago showed that such was the road to ruin. It is 
as impossible to tamper with the economic value of labour, 
as it IS to tamper with the value of goods. What is given 
from taxes comes off wages in the long run. The total of 
distributed products is not increased, only it is paid for by 
taxes on everybody, instead of payment by those who use 
the products. If carried out completely it would mean that 
everyone was a slave of the State, and prices were merely 
nominal. The National Workshops, and the present state of 
Russia, show the end of that course. It will certainly seem 
incredible to men in the future that we should for years go 
on deploring the urgent need of houses, and yet pay millions 
a year to builders to save them from working at the same 
pay as other men. If house builders did a full day's work 
at the same wage as shipbuilders, there would be no shortage 
of houses, and the community would not be maintaining them 
idle to no purpose. 

When we look further we come on the basic question of 
the State and the individual, in the difference of their duties. 
There is a terrible antinomy which underlies much that we 
must decide upon. There are two different standards, and 
it is impossible for the State to be ruled by the same code as 
the individual. For instance, it is wrong for a man to take 
the law into his own hands by retaliation ; but it is right for 
a judge to compel compensation as the law directs. It is 
wrong for anyone to deprive a man of liberty or of life ; but 
it is right to do so by the agents of the law, according to law. 
Thus we cannot apply principles of private life to State conduct. 
How far is this to extend ? It cannot be allowed to place 
the State above all morality, to approve of the slavery of 
Belgium, or of Assuan wars, or the Mongol invasions. Qearly 
there must be a sharp limit, but we cannot here discuss that; 
our present quest is to see what are the causes of decadence 
in a State, and how far the State can protect itself. In this 
we must avoid the confusion of mixing private with public 
ethics. 

For the welfare of the whole community, the first con¬ 
sideration must be the improvement of the ability of the 
people,—ability in all ways, of skill, of invention, of character. 
Tile training for this, is to let the results of incapacity 
be felt. If everyone fares equally well, no matter what their 
«bility,there is no stimulus to improvement. Whatever alleviates 
the mults of incapacity, is a chedc on the general inducement 
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to improve. Let us suppose, for instance, that itUM ttAtural 
causes swept off the least capable quarter of each generation ; 
then there would be room for four children instead of three, 
and assuredly four would be born to fill the vacant, Th« 
birth rate closely keeps pace with the death rate. Thus by 
continual weeding the standard would be raised. The State 
looks to the average capacity, and not to the hardship of 
the individual; and from the State point of view the causes 
which tend to wipe out the least capable are the means of 
advance. The “ sacredness of human life ” is much more 
respected by raising the standard of ability in the future, 
than by insisting on conserving the failures of the present. 
Here we come up against the rightful compassion of the indi¬ 
vidual, the best instinct of helpfulness is at stake in the fate 
of the unfortunate. Where can the contradiction be met, 
how can it be reconciled ? Is it not to be dealt with by letting 
economic law strictly protect the State for the future, and 
leaving private and voluntary help to deal with the individual 
in the present ? This deals much more effectually with the 
work-shy, and peculiar cases. 

That is not the solution which is now in fashion, the law 
is being continually altered to favour the incapable, to the 
detriment of the future welfare of the community. The 
endowment of unmarried mothers and their children, out of 
taxation of the married, in some form, is a directly increased 
toleration of their position and action. By all means tax, or 
reduce to slavery, the men who are responsible, but do not 
diminish the inducement to take up the legal responsibility 
of marriage, nor throw the burden of support upon those who 
keep their obligations. It is individual help, knowing all the 
circumstances, that can alone deal healthily with such cases. 
Remember that Christianity has had a hard uphill fight to 
lift the moral standard of the world ; it has succeeded, oetter 
in some countries than in others, but only imperfectly in any 
place. To weaken legally the constraints that have been 
found needful, is a treachery to all the centuries of struggle for 
advance, in the past. Pity, kindness, and an alleviation of the 
results of wrong, are the duty of individuals, but not Of the 
State which looks to the future. It is pleaded that the death 
rate of illegitimate children is much higher than that of others ; 
very true, but that is Nature’s way of weeding out incontinent 
stocks. The struggle for the growth of self-restraint in every 
way, is the struggle for the elevation of man. The diminution 
of the reproductive pressure has been the aim for reaching a 
higher mental position. Nature has worked for that tgr 
cont^ous diseases, and the tuberculosis resultant from tliIMt 
weakness. Every step that is taken against that grot^ 
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diseases is not a real gain,- but a loss to the future. The 
great activities for the eradication of such diseases at present, 
will do away with one of the most useful weedings which 
would lift the general quality of the community. The same 
is true of the restrictions on drugs. The weaker and more 
undesirable types of mind tend to exterminate themselves 
by drugs. If left alone they would be beneficially weeded 
out, but we insist on keeping them, whether they like 
it or no. 

Another legal injury to Nature is in the prevention of the 
ill effects of accident. Because a few dipsomaniacs will 
drink anything out of a bottle, without even smelling or 
tasting it, the beneficial use of carbolic acid is much restricted 
to the poor. More lives will be lost by not using disinfectants, 
than will be lost by misuse. No poisons should be interdicted, 
except those which might be taken unawares. In this, and 
other cases, let us warn, instruct, and guide in every way, 
publicly and privately ; but the results of carelessness and 
incapacity must be left, to help in weeding out such faults, 
and so raise the individual and the race. In the vaccination 
difficulty, let us register all unvaccinated persons, and 
put the cost of smallpox hospitals and all incidental 
expenses upon them. Then the disease may be allowed 
to weed out the careless and foobsh, with little loss or injury 
to others. 

To make the world fool-proof, is to encourage the growth 
of fools. It is not the way that Homo sapiens was evolved. 
An extra mortality of one or two per thousand falling on 
the careless and foolish, will be the best possible prepara¬ 
tion for the future of the race. The present provision of 
maintenance and coddling in all directions, has produced a 
type of mind in many workers which prevents their having 
the least discretion or ability to carry on their work, so that 
they need incessant watching to guide them. This, and the 
restrictions on output, have produced a state of mind, and 
of action, which prevents these men from being worth their 
keep to the community. It is this dead weight which is surely 
pulung down our civilisation to its end. If by the ‘ right to 
maintenance' and the 'minimum standard’ we persist in 
burdening our capable stocks, in order to propagate the in¬ 
capable, we shall insure the ultimate destruction of the capable 
along with the incapable. 

Our ideals need to be entirely overhauled, and made to 
fit the needs of the future, and not be ruled by the senti¬ 
mentality of the present phase. By law and custom we 
should encourage nothing that is not the best for the nation 
a century hence. If we still pemist in removing all the training 
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process of natural consequences, we must be prepared to put 
something as effective in its place. It is very doubtful if we 
can understand the nature of what we propose to remove, 
and it is pretty certain that we cannot replace natural checks 
with any safe effect. There is no better course in disease of 
the person than watching and assisting Nature, and we had 
better remember that in dealing with the diseases of communal 
life. 
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POPULAR SCIENCE 


ERASMUS DARWIN 


By F. W, Shurlock. B.Sc., F.Inst.P.. 

Principal^ Difby Technical College. 

In a previous article on “ The Scientific Pictures of Joseph 
Wright," it was pointed out that the artist was genuinely 
interested in ph3rsical science and that his pictures—The 
Orrery, The Air-pump, and The Alchymist—give an excellent 
idea of the stage of development which had been reached. It 
is probable that the instruments depicted were the proj«rty of 
Dr. Erasmus Darwin or of the Derby Philosophical Society, of 
which he was the distinguished first president. 

Darwin was Wright’s friend and doctor, so it is not surprising 
that the,artist should have painted his portrait. The mezzotint 
enCTaving, by John Raphael Smith, Darwin himself thought 
well done, although his friend Edgeworth considered that the 
ra^W strong modelling of the brow and lips gave him a some* 
what discontented expression which failed to do justice to his 
real benevolence and good humour.. However that may be, 
the picture is clearly that of a man of shrewd intellect and 
strong character.' From, other sources we learn that he was 
above the middle stature and heavily built, that he stammered, 
was deeply pitted with the smallpox, and walked with the aid 
of a stick, Ming slightly lame as the result of an accident to a 
carriage that he had invented. 

Erasmus Darwin came of a Lincolnshire family and was 
bom at Elston, near Newark, in the year 1731. At the age of 
ten he was sent to Chesterfield School, whence in due course 
he went to St. John's College, CambridM. At Cambridge he 
read classics with some mathematics. His future career seems 
to have been already determined, for we find him leaving Cam> 
Inridge for a term to attend Hunter’s lectures in London. After 
taking his Bachelor of Arts degree in 1754, he went to Edin> 
burgh to study medicine, returning to Cambridge in the follow¬ 
ing year for the degree of Bachelor of Medicine. He then went 
again to Edinburgh to complete his studies. 
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In the autumn of j 756 he settled in practice in Nottinghami 
but remained there only two or three months, as he got no 
patients. In November 17^6 he removed to Lichfield, and about 
a year afterwards married Mary Howard, who died in the year 
1770. He soon acquired a practice which steadily increased, 
and some twelve years later was worth about a thousand 
pounds per annum. Although, following the honourable 
tradition of his profession, he did much gratuitous work among 
th pc'>r, his practice lay chiefly among well-to-do people and 
extended over a wide area. It involved long and frequent 
journeys which were made in his coach. 

In 1781, eleven years after the death of his first wife, he 
married the widow of Colo lel Chandos Pole, of Radbourne Hall, 
whose children he had attended. On his second marriage he 
left Lichfield and, after living for two years at Radbourne Hall, 
removed to Derby and later to Breadsall Priory, where he died 
in 1802 in his seventy-first year. 

As a youth he was fond of poetry. He was also interested 
in mechanics, and it is recorded that he used " to show little 
experiments in electricity with a rude apparatus constructed 
from a bottle." These tastes prevailed to the day of his 
death. 

A man of liberal mind, his writings contain few references 
to political events. He seems to have sympathised with the 
North American colonists in their struggle for independence, 
and to have hailed the beginning of the French Revolution as 
likely to further the cause of freedom and to make France a 
great and prosperous example to other nations. As might be 
expected, his generous nature sympathised warmly with 
Howard’s noble work of reforming the prisons throughout 
Europe. His real interests, however, apait from the profession 
in which he achieved distinction, were confined to ph3'sical and 
biological science, the mechanical arts, and poetry. 

It was his habit to keep commonplace books in which he 
recorded his observations and speculations which covered a 
very wide range. One of these was devoted to sketches of 
machines and suggestions for their improvement. His carriagn 
was fitted with conveniences for reading and writing, of whioi 
he did a great deal during his professional journeys. 

, Dr. Darwin became a Fellow of the Royal Society in 1761, 
and his papers to the Philosophical Transactions indicate the 
I, o of his scientific activities. The first of these— 

A on the Opinion of Henry Eeles, Esq., concerning the 

^cent of Vapour "—^was written at Lichfield in 1757. In thi* 
he controverts the view "that every particle of vapour if 
endued with a portion of electric fire ; and there is no other 
sufficient cause assigned for their gscending." He describes 
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a number of simple experiments in heat and electricity, and 
concludes that “ though clouds may sometimes possess an 
acciunulation of electricity, yet that this is only an accidental 
circumstance ; and thence can have no possible influence 
either in the elevation or support of them.” 

The paper ” Experiments on Animal Fluids in the Ex¬ 
hausted Receiver," published in 1774, is interesting as showing 
that Dr. Darwin was in the habit of experimenting with the air- 

S ump. Blood obtained by cupping, ligatured sections of 
looa-vessels, and certain animal organs were examined under 
the receiver of an air-pump to show that there are no grounds 
for holding ” that an elastic vapour of some kind exists in the 
blood-vessels.” The last of the Lichfield papers, which did 
not appear until 1788, was on “ A New Case of Squinting.” 

The paper " Of an Artificial Spring of Water, published in 
1785, after his removal to Derby, describes the way in which 
Darwin obtained a good supply of water by deepening a 
disused well near his house, and shows that he had grasped the 
principle of the artesian well. 

The paper ” Frigorific Experiments on the Mechanical Ex¬ 
pansion of Air” appeared in 1788. In it experiments are 
described, which had been made some years previously, in 
which air, compressed in an air-gun, was allowed to cool for an 
hour before discharge, and then to impinge in a continuous 
stream on the bulb of a thermometer, which showed a lowering 
of temperature of about two degrees. Experiments were also 
made with a thermometer in the receiver of an air-pump, with 
a like result. Lastly a hole about the size of a crow-quill was 
bored into a large leaden air-vessel, placed at the commencement 
of the principal pipe in the water-works which then supplied 
the town of Derby. The water from four pumps, worked by 
a water-wheel, was first entered the lower part of the air- 
vessel, and thence rose to the top of St. Michael’s church into 
a reservoir, about thirty-five or forty feet above the level of 
the air-vessel. Two mercury thermometers were previously 
suspended on the air-vessel, that they might become of the same 
temperature with it. As soon as the hole was opened, the stream 
of air was allowed to impinge on the bulbs of the thermometers, 
which indicated a lowering of temperature of four d^;rees. 
The conclusion is reached that, ” in all circumstances when air 
is mechanically expanded, it becomes capable of attracting the 
fluid matter of heat from other bodies in contact with it,’°and 
some meteorological consequences of this are discussed. The 
physical papers reveal Dr. Darwin as a natural philosopher, 
wiw the Wbiit of experimenting, fully versed in the physical 
Science of his day, conversant with the literatm^ and main- 
tai^tqi close relations with other workers. They serve also 
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to remind us of the relatively rudimentary condition of some 
important branches of physics at this period. 

Dr. Darwin gained a high reputation in his day as an author 
both in prose and verse. Shortly after the death of his first 
wife he commenced his important work Zodnomia, or the Laws 
of Organic Life, which, however, was not published until 1794. 
It is dedicated " To the Candid and Ingenious Members of the 
College of Physicians, of the Royal Philosophical Society, of the 
Two Universities, and to all those who study the Operation of 
the Mind as a Science, or who practice Medicine as a Profession,” 
and the preface explains that it is an endeavour to reduce the 
facts of animal life into classes, orders, genera, and species, and 
by comparing them with each other, to unravel the theory of 
diseases. In the first part of this work the author treats of 
physiology and pathology. The second part is a treatise on 
medicine, whilst the third deals with materia medica. The 
Zodnomia was translated into German, French, and Italian, and 
was placed by the Pope on the ” Index Expurgatorius.” 

The scope of the Pkytologia, or the Philosophy of Agriculture, 
with the Theory of Draining Morasses and with an Improved 
Construction of the Drill Plough, which was published in 1800, 
is sufficiently indicated by its title. Whilst dealing primarily 
with biological science and its applications to agriculture and 
sanitation, the physical sciences and the mechanical arts are 
by no means neglected. One of the sections treats of light, 
heat, and electricity ; the influence of electricity in forwarding 
the germination of plants is discussed, and an account is given 
of Rennet’s electric doubler ; there is also a description of the 
drill plough and of a machine for raising water. 

A Plan for the Conduct of Female Education in Boarding 
Schools, issued in 1797, contains much sound advice. It is 
interesting to note that Dr. Darwin advocated the teaching of 
natural history, botany, and chemistry. He goes on to say 
that ” an outline of the sciences, to which mathematics have 
generally been applied, as of astronomy, mechanics, hydro¬ 
statics, and optics, with the curious addition of electricity and 
magnetism, may best be acquired by attending the lectures in 
experimental philosophy, which are occasionaUy exhibited by 
itinerant philosophers.” This makes it clear that but slender 
jjrovision was made for teaching the physical sciences at this 
time. Visits to factories are recommended for the summer 
vacations. 

Some brief account of the poetical works must be jriven. 
A poem On the Death of Prince Frederick, written whilst at 
Cambricke, was published many years afterwards, and others 
appeweo from time to time. Durini; the early years of h^ 
practice in Lichfield Dr. Darwin seems to have written but 
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little poetry, but whilst there he purchased some eight acres of 
land which he converted into a tetanic garden, 'l^is led him 
to write his poem The Botanic Garden, which is in two parts. 
Part I, " The Economy of Vegetation,” treats of the physiolo^ 
of plants, and Part II, ” The Loves of the Plants,” explains 
the system of Linnaeus. Of these the second part was published 
in 1788, Part I following two years later. The poem is a 
serious treatise on botany written in imaginative verse. It is 
written in ten-syllable rhymed couplets and was an artistic and 
financial success. The poem is accompanied by voluminous 
” philosophical notes,” which form a scientific commentary and 
furnish an admirable review of the state of science in the 
eighteenth century. The ” Arguments ” of the cantos read 
like the indexes of current numbers of the Philosophical Trans¬ 
actions. In the poem itself there are passages relating to the 
physical sciences and their applications : thus there are de¬ 
scriptions of electrostatic experiments, including those of 
Franklin, references to the work of Torricelli and Boyle, and a 
description of the steam-engine. As an example of his poetry 
and as illustrating his prophetic instinct in matters of science, 
the following lines may be quoted : 

*' Soon shall thy arm, unconquered steam I afar 
Drag the slow tuurge, or drive the rapid car; 

Or on wide-waving wings expanded bear 
The flying chariot through tite fields of air. 

Fair crews triumphant, leaning from above. 

Shall wave their fluttering kerchiefs as they move; 

Or warrior bands alarm the gaping crowd. 

And armies shrink beneath ^ shadowy cloud.” 

A note adds that, ” as the specific levity of air is too great for 
the support of great burthens by balloons, there seems no 
probable method of flying conveniently but by the power of 
steam, or some other explosive material, which another half- 
century may probably discover.” 

The Temple of Nature, or the Ori^n of Society: A Poem with 
Philosophical Notes was published in 1803, the year following 
the death of the author. It is in four cantos, and the additional 
notes cover a wide range. The poem deals with the origin and 
reproduction of life, the development of the mind, the origin 
of language and writing, and the problem of good and evil. 

Dr. Darwin achieved fame, but perhaps not lasting fame, 
as a poet. His views on poetry are set forth in three ” Inter¬ 
ludes ” in prose dialogue in The Botanic Garden. He appears 
to have thought that poetry should chiefly confine itself to the 
word-painting of visible objects, and his aim was to enlist 
poetry in the service of science. As there can be no finality 
‘ The italics are inserted. 
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on the presentation of science, it is hardly surprising that the 
poems are now little read. 

Dr. Darwin constantly exercised his mind on the problems 
which were investigated by his grandson, Charles Darwin, and 
whatever may be the ultimate judgement on his poetry, his 
works will doubtless remain a landmark in the history of bio¬ 
logical science. Dr. Krause, a competent authority, states that 
“almost every single work of the younger Darwin may be 
paralleled by at least a chapter in the works of his ancestor— 
the mystery of heredity, adaptation, the protective arrangements 
of animals and plants, sexual selection, insectivorous plants, 
and the analysis of the emotions and sociological impulses ; 
nay, even the studies on infants are to be found already dis¬ 
cussed in the writings of the elder Darwin.” The detailed 
investigation and definite establishment of principles is, of 
course, the work of his illustrious grandson. The conclusion is 
inevitable that to Erasmus Darwin his grandsons, Charles 
Darwin and Francis Galton, as well as other members of this 
remarkable family, are largely indebted for their scientific bent 
and for their interest in scientific pursuits. 

Erasmus Darwin was obviously a man of active and original 
mind, great powers of observation, great industry, g^eat ver¬ 
satility, and with a strong tendency to generalisation and the 
framing of theories. The latter he justifies in the following 
passage : “ Extravagant theories, however, in those parts of 
philosophy, where our knowledge is yet imperfect, are not with¬ 
out their use ; as they encourage the execution of laboriouaf' 
experiments, or the investigation of ingenious deductions to 
confirm or refute them.” He was, as.we have seen, equally 
alive to the value of experiments, and we may quote in this con¬ 
nection his dictum that a fool is a man who never made an 
experiment in his life. 

As to the principles that should guide conduct. Dr. Darvrin 
considered that the communication of happiness and the relief 
of misery was the only standard of moral merit, and held that 
“ the sacred maxims of the author of Christianity,' Do as you 
would be done by' and ' Love your neighbour as yourself,' 
include all our duties of benevolence and morality; and, if 
sincerely obeyed by all nations, would a thousandfold multiply 
the present happiness of mankind —a message that is not 
without its lesson for our own epoch. A hereditary tendency 
to gout made him a staunch advocate of temperance, and he is 
said to have materially reduced the amount of drinking amongst 
his patients. Another personal characteristic was his capacity 
for making friends with good and able men—among them Keir, 
Edgeworth, Boulton, Watt, and Wedgwood—and lor retaining 
their friendship. 
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A man of great energy, he endeavoured to incite others to 
works of mercy and to the study of science. In 1784, anticipat* 
ing an outbreak of smallpox in Derby, he proposed the establish¬ 
ment of a society and the hire of a room as a dispensary where 
the medical men of the town might give their services gratuit¬ 
ously. There was then no public institution in the town for the 
relief of the poor in sickness, and in the circular which he drew 
up the hope is expressed that the dispensary may prove the 
foundation-stone of a future infirmary, a hope that has since 
been magnificently realised. 

Whilst at Lichfield Dr. Darwin started a botanical society, 
but found few kindred spirits, as Mr. Brooke Boothby, after¬ 
wards Sir Brooke Boothby, Bart., who shared Dr. Darwin's 
poetical and scientific tastes and Mr. Jackson appear to have 
been the only other members. Communications were sent in 
its name to magazines, and it published a translation of the 
Genera Plantarum of Linnaeus for which Dr. Darwin was 
mainly responsible. 

On his removal to Derby he founded the Derby Philo¬ 
sophical Society, which held its first regular meeting on July 
18th, 1784, when he delivered an interesting presidential 
address. The society purchased books of natural history and 
philosophy in English, French, and Latin which were circulated 
to its members. Among its non-resident members were the 
two members of the Lichfield society and Dr. Robert Waring 
Darwin, of Shrewsbury, the father of Charles Darwin. The 
original rules, a reprint of Dr. Darwin’s first presidential 
adless, and two early manuscript books, one containing a 
catalogue of books with records of their issue and the otner 
the accounts of the society, are in the Derby Public Library. 
Possibly others are in existence, and it is very desirable that they 
should be traced. Besides the library, the society owned 
mathematical and philosophical apparatus, fossils and other 
specimens. It was in existence in 1857. Occasional scientific 
lectiu'es were given in the theatre under its auspices. Mr. 
George Spencer, the father of Herbert Spencer, was at one time 
secretary of the society, and Herbert Spencer did some work 
in connection with it. 


There is a bust of Erasmus Darwin, with copies of his 
principal works and his address to the society, in the Derby 
Public Library, and his signature appears twice in the account- 
book to which previous reference has been made. His microscope 
is in the Derby Museum and his memorial tablet in Breadsall 
Chwrch. 
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Independent versus Snbiidiaed Beaearch (B. Boss). 

On the 9th of October 1 delivered an address at the Anderson College of 
Biedicine. Glasgow, on the Management of Medical Research, It was 
published in full in Nature four days later, but I should like to add a few 
comments here. I chiefly laboured the contrast between independent and 
subsidised research—a theme which is now beginning to attract some atten¬ 
tion. Apparently all the older philosophers and mathematicians were 
in^pendent wor^rs who lived (when they were not poisoned, crudfled, 
burnt, or imprisoned) on patronage, teaching, medical practice, or astrology. 
The first case of subsidised research was, I hear, that of Axistotle w^n 
Alexander gave him a grant for the collection of marine animals ; but T3rcho 
Brah6*8 Uraniborg (1576) seems to have been the first subsidised ** research 
institute.** Last century many such (the Pasteur and the Jenner Institutes, 
and numbers of observatories and chemical institutes) were founded; and 
1 estimate, or rather conjecture, that the world must now be laying out quite 
a million pounds a year for subsidised investigations in these institutions, 
in imiversities, and for research scholarships, expeditions, etc. At the 
same time the world (which has much more piety than science) is subscribing 
ten times this amount for ** Protestant Foreign Missions " alone—^namely 
an average of ;£9,594,254 a year. 1 estimate that in this country medical 
subsidised research alone must be now receiving about a quarter of a million 
a year—^though Britain gives nearly ten times as much, namely, /2»3io,ooOt 
to the fortunate Protestant Missions. 

Of course almost all this quarter of a million goes to laboratories and full¬ 
time or part-time paid investigators, and the independent workers seem to 
share but little in the bounty.' Yet, not only has almost the whole of medical 
history been built up by the independent workers—Harvey, Jenner, Pasteur, 
Lister, Koch, and scores of others—but, even in these days of laboratories, 
they have been known to achieve occasional results of some small value. 
Thus during the last quarter of a century medicine has advanced chiefly 
in the domain of tropical diseases ; and here almost all the initial work was 
done by private and unpaid investigators, though paid commissions often 
consolidated the discoveries afterwards—^and sometinaes wasted much money 
in the process, or even impeded progress. 

I know that the cost of the initial advances in tropical medicine to the 
public (at least) was almost zero, but can speak with full certainty, for an 
example, only regarding my own work on malaria and mosquitoes—a history 
of which will be found in my Memoirs (Murray). All my preliminary studies 
up to the key-observation of the 20th of August 1897 did not cost the Govern¬ 
ment of India (whose officer I was) one farthing. Subsequently it put me 
on special duty for a year at a salary increased by 200 rupees a memth and 
gave me the help of some native assistants ; and the whole cost of this to 
Government was just about ^£240. For this sum, then, the world ascertained 
how the most widespread of tropical diseases is carried and mw be prevented 
(the same work cost me personally almost exactly ^£500). The early work 
of Manson, Bruce, Leishxuan, and others was probably equally inexpensive, 
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diomiMto with all this the quarter of a million a year whith I gather we are 
now spending on subsidised medical researches* and we shall be able to form 
some estimate of the costs of subsidi^d and independent researches 
respectively. 

Of course I am not in any way opposed to subsidised researches—^let the 
world spend as much as it can upon them ; but I think that it should also 
pay something—say 5 per cent, or 10 per cent, of its available funds---^ 
encourage'the very cheap and yet very successful independent researches. 
These* except along clinical lines^ are now seen to be generally ruinous for 
the men who have been so foolish as to undertake them; and the result 
may be imagined. The best scheme* costing about £20,000 a year—much 
less than is now largely wasted on junior research scholarships —^is that 
which was laid down by the British Science Guild some years ago (Scibncb 
Progress* vol. xiv* page 637* 1920). It really amounts to a scheme of 
research professorships for life and is much needed. Without it the world 
often loses the services of its most approved investigators—while larger 
sums are being spent on hiring untried and inexperienced young men just 
out of the schools. 

The following passage in my Address requires special attention : 

What always amazes me is the fact that there are millions upon millions 
of human beings whose health and whose very existences are constantly 
threatened by numbers of diseases, and yet who never subscribe one farthing 
for the medical researches which endeavour to defeat these terrible enemies 
of theirs* and often succeed in doing so. Yet thousands of these same people 
pour out their subscriptions and bequests for all kinds of projects* many 
of which are futile ; while even those good and generous people who maintain 
our hospitals and universities seem often to forget that behind hospital 
practice and behind university teaching there is the great science which 
inspires both.** 


•i Choming the Doctor.^ 

The dispute regarding the national payment of panel doctors again opens 
an old trouble. We once heard an American maintain that the treatment 
of its doctors is an index of a nation's state of civilisation* and that nowhere 
are they so honourably regarded as in the States. The medical profession 
have alwa3rs considered themselves bound by a rule of honouz that they 
must treat the sick whether they be paid or not for doing so ; and in some 
cases physicians* fees dannot be recovered at law. Hence on the part of the 
(civilised) public there arises in equity an equal obligation of honour to pay 
its doctors. Seldom if ever do doctors refuse to attend the serioxisly sick at 
any hour of day or night; but we fear that the tacit bargain is not so well 
hbit on the other side; and many practitioners admit that from a quarter 
to a third of their proper fees are bad debts. The same spirit is bepnning 
to pervade the held of medical research, and we have actually heard politicians 
assume that it is the d%Uy of doctors to investigate the causes and treatment 
of disease during their leisure from clinical jpiwtice I At the same time* 
in this coimtry at least* the politicians have omcially refused to pay anything 
lor actual discoveries which have resulted from these investi^tiems* which 
they assert the doctors should engage in at their own cost. About t^ same 
time the Royal Commission on Awards to Inventors refused to consider 
medical cases at all because* it argued* doctors did such work for noting 1 
Alt such ixistances are contrary to natural justice* according to which those 
who receive benefits from professional men should pay for them if possible. 
«Th^are cases of what is called ** chousing the doctor.'* 

The same doctrine is beginning to creep into the afUdse of general sdenoe. 
Tims on the ifith of October last* the Lord Fresktot of the Council aicerted 
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with flatisfftotion that maa^ men of sdeace would work for Ckweriittelit at 
less remuneration than similar private work would receive^ In other words* 
Government was exploiting these gentlemen's patriotism. As N^hm 
observes (October 27), ** rarely are the mercenary advantages of the one* 
sided arrangement so baldly claimed by a responsible minister/* A later 
letter in Nature scarcely mends matters. 

For centuries past the public has received not only gratuitous med^l 
treatment for its poor, but also, what is more important, gratuitous medical 
discovery. Naturally it is beginning to ask why it should pay for any medical 
work at all. *' Praise the altruism of the doctors and let them starve ** Is 
becoming a kind of national motto. Patients who roll up in their motor* 
cars grumble at a two-guinea fee or forget their doctor's bill for years. So 
now, when the nation has established an unsatisfactory medical insurance 
scheme, it attempts to have the work done on sweated payments controlled 
by nch but interested societies. 

The profession itself is largely to blame for this. For years many of 
them have been saying with the Pharisee, " God. I thank Thee, that I am 
not as other men are, extortioners, unjust. ... 1 give tithes of all I possess.'* 
So they do: they advise Government for nothing, and they sit nobly on 
managing committees. But one generally finds, on inquiry, that they have 
bem drawing comfortable life-long professorial salaries which they olkained 
when they were young in consequence of a little second-rate scientific work; 
and that they have a wonderful scent for honours and new lucrative posts. 
For instance, one of these gentlemen, who scorned any form of payment for 
his scientific discoveries, b^ted immediately afterwards that he received 
fees from British Colonies at the rate of £1,000 a month. 

There is only one sound principle for dealing with scientific and medical 
benefits, namely, that which is employed for all other kinds of effort—^honest 
payment for honest work done. All professional services should be paid for 
under all circumstances, and at a rate proportioned to their value. Any other 
system is always one of " graft," with ulterior considerations in the back¬ 
ground. 


ISie Abfurd Theory of Erolation. 

For some time past efforts have been made in the United States to 
suppress the teaching of evolution in schools and universities on the ground 
that the theory is unsound. The next thing will be that the sun ami the 
stars will begin to circle round the earth as they did before Copernicus. Te 
those who l^lieve that men are merely the larvae of angels everything ii 
possible except reality. We were therefore very glad to see a little conrective 
which Dr. W. Bateson, F.H.S., administered in Nature of September x, xpig. 
He feels that it was he who, though unwittingly, dropped the spark whim 
started the fire, and he takes the opportunity to correct those who had 
listened to him but apparently had not understood him. " Though no one 
doubts the truth of evolution," he says, " we have as yet no satisfactmy 
account of that particular part of the theory which is concerned with tm 
origin of species in the strict sense. The purpose of my address was to uxg|e 
my colleagues to bear this part eff the proolem constantly in mind. . • » 
When such confessions are made, the enemies of science see their a h a n o e . 
If we cannot declare here and now how species arose, they will obligingly 
offer us the solutions with which obscurantism is satisfied. Let us tfisa 
proclaim in precise and unmistakable language that our faith in evolution 
IS u n sha k en. Every available Une of argument converges on this inevitfifeia 
conclusion. The obscurantist has not^g to suggest which is worth fi 
moment's attention." We learn from Dr, Bateson that WUltain 

Jennings Bryan, with a profound knowle^ of the electoral hearty ## 
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tiULt fometUtig could be made " of this anti-evolution stunt* la K^tucky 
a Bill lor suppressing all evolutionary teaching passed the House of Repre¬ 
sentatives and was only rejected, apparently, by one vote in the Senate. 
Arkansas and Oklahoma have distinguished themselves by similar folly, 
while Florida has forbidden any instructor to teach any h)^thesis ** that 
links man in blood relation to any form of life." The Americans must be a 
very superior race indeed and entirely different from the remainder of 
humanity I 


Poems ol Sdtnoe. 

In the Introduction to his Poems of Science, Pages of Indian Earth History 
(Erskine Macdonald, London. 1923) Mr. K. A. Knight Hallowes, M.A., 
A.R.S.M., F.G.S., of the Indian Geological Survey, quotes Wordsworth as 
having remarked that '* the remotest discoveries of the chemist, the botanist, 
or mineralogist will be as proper objects of the poet's ant as any upon which 
it can be employed." This dictum must come as a shock to the many 
literary men who have considered that science and poetry, though they may 
be sisters, are alwa3r8 quarrelling. And Mr. Hallowes gives some more 
quotations in the same sense. Of course the passion for discovery, which 
is the noblest passion of the human mind, is a prime subject for poetry; 
but ^ere are very few people indeed who have ever really experienced it, 
and still fewer of those who have experienced it possess the capacity to 
commit poetry regarding it. But, as Wordsworth implied, the more flowery 
wdks of science are often suitable for the sister of science to stroll in—on 
fine mornings. Mr. Hallowes's book contains, not only an interesting intro¬ 
duction in which he discusses this theme, but also twenty excellent sonnets 
describing his thoughts and emotions while he was engaged in the Indian 
Geological Survey. To him the gigantic evolution of the earth is a subject 
for passionate study. He sees not only the mountain and the river, and the 
flowers and forests between them, but also the past history of the earth; 
and he triumphs, not only with the triumph of nature, but also with the 
triumph of the human intellect. That is fine and proper in days when 
many people seem to think that the human intellect is merely despicable. 
We gather that the sonnets are only selections from among his literary 
efforts. They are all euphonious, grave, and calm, and well describe such 
landscapes as most frequently must impress themselves upon the geologist 
in India. Any one of them will suffice as an example of his work, and we 
therefore give the first one : 

Where Man has never or but seldom trod. 

Among wild mountains and their forest glooms, 

*Mid tangled boughs and intertwining blooms. 

Hushed as the haunt of some Greek sylvan g^, 

1 trace the brook, unknown to angler’s rod, 

Whidb the deep valley crowned with crags entombs, 

And envy yon kingfisher’s rapid plumes. 

As slowly through the river-sand I plod. 

With clutching hands these waters for an age 
Have drawn aside the shrouding cloak of soil. 

So that 1 read, as from an open page. 

How lavas here did once solidify 

With clouds of steam, to form this world of toil— 

This planet where we mortals live and die 1 

tn Circ$*e Worshippers and other Poems, by Frank Finn, B.A., Z.S., Guide 
l)eiBOttstrator, Homiman Museum (Selwyn A Blount, London, 1923, price xi.)« 
SO 
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tba author gives us sixteen very capable little l^cs diiefly oil birfla. Ifr. 
Finn possesses both invention and technical skill-*^ rare combinatiMi, The 
two following clever word-pictures illustrate his style: 

SIR CHANTICLEER 

Of flame and shining steel 
I stride in rich array ; 

With daggers on each heel 
Armed for my life-long fray. 

My sanguine crest 1 rear 
Aloft for all to see. 

As fits a cavalier 

And squire of dames like me. 

FLYING-FOXES 

We swarm across the evening sky, 

But not in flocks, as wildfowl fly. 

For each grim vampire singly swings 
With smiting sweeps his wide-webwd wings 
Behind black muzzle keen with greed 
On Indian peasants* fruit to feed. 

And when again at dawn we come 
To the tall trees we call our home, 

Each to himself a branch would have; 

And so we snarl and scratch and rave 
Till slumber overcomes our spite 
And limp we hang where last we light. 

Folly in this you mortals see, 

Though you would flght for all the tree I 


Ooitre, 

Medical science often suddenly expands in the most unexpected directiotis. 
One of the important endemic diseases is goitre, which is connected with 
cretinism on the one hand and with myxoedema on the other. As everyone 
knows, it was common in parts of S^tzerland, India, and elsewhere, and 
caused not only considerable deformity, but much mental degeneration. 
All sorts of theories as to the cause of it have been prevalent; but now 
we apparently owe to the Americans the simplest possible method oi pie* 
vcntion and also, in some cases, of cure, namely by minute doses of iodine 
—see The Prevention of Simple Goitre, by David Marina, C. H. Lenbart, 
O. P. Kemball, and J. M. Rogofl, compiled and edited by G, N. Stewart, 
Director of the H.K. Cushing Laboratory and Experimental Medical Western 
Reserve University, 10940 Euclid Avenue, Cleveland, Ohio, U.S.A. This 
pamphlet is a collection of separate studies, but we hope that the autbofs 
will brin^ out a little book on tl]» subject without so much repetition and 
overlapping. The prophylactic treatment as carried out few the past three 
years in certain schools consists only of the administration of o*a gin4 Of 
sodium iodide in daily doses for ten consecutive days, repeated each spriw 
and autumn. Schoolgirls are much more prone to aflections of the thyroid 
gland than are schoolboys. Large numbers of children have been and asa 
being ^eated. 

It is interesting to hear that the ancient Greeks treated goitre with thi 
ash of certain seaweeds-—which contain iodine. This is an example d tibi 
fact that popular knowledge on medical treatment is somethnes Ux in adVMiea 
of saentific knowledge* 
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Wttm tnd Hews. 

The Nobel Ptixe for medicine for 1922 is to be divided between Frol. 
A. V. Hill, of University College, London, and Prof. O. Meyerhof ; the prise 
for 1925 is divided between Dr. Banting and Prof. Macleod, of Toronto. The 
physics prize for 1923 has been awarded to Prof. R. A. Millikan, of Pasadena, 
Caiifomia. 

The Royal Medals awarded by the Royal Society have this year, with the 
approval of the King, been given to Sir Napier Shaw for his researches in 
meteorology, and to Prof. C. ^ Martin for his work on animal metabolism. 

The other medals of the Society have been awarded as follows: The 
Copley Medal to Prof. H. Lamb, for his researches in mathematical physics ; 
the Davy Medal to Prof. H. B. Baker, for his researches on the complete 
dryness of gases and liquids ; the Hughes Medal to Prof. R. A. Millikan, for 
his determination of the electronic charge and of other physical constants. 

The chief of&cers of the Society for the session 1923-4 are :— President: 
Sir Charles Sherrington; Treasurer: Sir David Prain; Secretaries : Mr. 
W. B. Hardy and Mr. J. H. Jeans ; Foreign Secretary : Sir Arthur Schuster. 

Prof. F. O. Bower has been re-elected President of the Royal Society of 
Edinburgh for the year 1923-4. 

Dr. Andrew Balfour has been appointed Director of the new School of 
Hygiene which is to be established in London as a result of a two-million-dollar 
gift from the Rockefeller Foundation. Mr. C. M. Wenyon will succeed him 
as Director of the Wellcome Bureau of Scientific Research. 

The first award of the Priestley Medal of the American Chemical Society 
has been made to Dr. Ira Remsen, Emeritus Professor of Johns Hopkins 
University. 

Sir Robert Hadfield has received the first award of the Thomas Turner 
gold medal of the Birmingham University Metallurgical Society. 

Mr. G. E. Duveen has given ;£io,ooo to the University of I^ndon for the 
establishment of a lectureship in otology. The lecturership will be held at the 
University College Hospital Medical ^hool. 

Among the names of the workers in the science cause whose deaths have 
been announced during the last quarter we have noted the following: Mr. H. 
Ayrton ,* Dr. £. F. Bashford, patholonst; Dr. J. A. Harker, O.B.E., F.R.S., 
l^ysicist; Sir H. H. Hayden, F.R.S., lately Director of the ecological Survey 
of India ; Mr. F. J. N. Jenkixison, Cambridge University Librarian, dipterist; 
Ux. E. K. Muspratt, vice<hairman of the united Alkali Co.; Dr. H. McLeod, 
KR.S., most widely, known as designer of the McLeod vacuum gauge ; Lord 
llforley, O.M., F.R.S.; Dr. A. A. Rambaut, F.R.S., of the Observatory, 
Oxford; Hon. N. C. Rothschild; Dr. J. E. Stead, F.R.S., President of 
the Iron and Steel Institute; Prof. James Sully, Emeritus Professor of 
F^Iosophy, University College. London; Prof. J. VioUe, physicist, best 
known for his work with Vautier on the velocity of sound. 

The meeting of the British Association at Liverpool this year was one 
of the most successful on record. At least 15,000 people attended the free 

e bUc lectures, and more than 7,000 paid for admission to the Scienti& 
ddlMl^on held in the Central Technical School. The presidential address 
delivered by Prof. Rutherford was transmitted by wireless and was heard as 
far away as Switzerland. This address and those of the presidents of the 
several sections is published, as is now customary, by John Murray {The 
Advancement of Sctence 1923; price 6 s. net). During the coim of the 

Sbr^D^d Bruce to fill the ofi&ce of President of the Assodat/on lor the 
yjsar 192^^ when the meeting will be held at Toronto. 

The .Western Galleries oi the Science Museum at South Kensington were 
diesed on September 17 and the collections contained therein wul in dae 
eomie be removed to the new buildings opposite the Royal Collage 6 t Science. 
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The galleries containing the Colonial Collections of the Imperial Institute are 
also, it would appear, to be closed on the ground of economy. These collec¬ 
tions are to be dispersed and replaced by the War Museum Collection from the 
Crystal Palace. It is not clear whether this disgraceful decision is final. 
The Colonial Collection is unique and of great educational and commercial 
value ; the value of the War Museum as a factor in the future development and 
prosperity of the country would appear to be precisely zero. The view-point 
of the people who proposed to supplant the one by the other is simply 
inemlicable. 

The new. magnetic laboratory rendered necessary by the proposed 
electrification of the railways near Greenwich is to be erected on private land 
near Abinger Bottom. The site is protected from interference by building 
operations by Abinger and Wotton commons. The opposition to t^ original 
s^enae, which involved the enclosure of public common land on Holmbury 
Hill, has thus been successful. It appears, too, that equal success will reward 
the opposition to the erection of a wireless station at Avebury, but there is 
no such satisfactory information regarding the proposal to retain the Tank 
Gunnery School at Lulworth Cove. 

An important scientific exhibit will be included in the British Empire 
Exhibition at Wembley next summer. The Royal Society will co-operate in 
the organisation, and the arrangements for the chemical section are already 
well advanced. Among those who will be responsible for the various sub¬ 
sections of this part of the exhibit are Sir Ernest Rutherford, Prof. McLennan, 
Prof. Donnan, Sir John Russell, and Mr. C. F. Cross. No information 
regarding the arrangements for other branches of Science are available at the 
time of 'luting. 

The legacy of one million francs left by the late Prince Albert of Monaco 
to the French Academy of Medicine is to be used for a prize of 120,000 francs, 
which will be awarded every two years for certain kinds of medical service or 
discoveries. The council of the Academy has not yet decided whether the 
prize shall be an international one. 

The Director of the Department of Terrestrial Magnetism at the Carnegie 
Institute, Washington, Dr. L. A, Bauer, gave an interesting account of 
preliminary results of an analysis of the earth's magnetic field which is being 
made in his department, at the meeting of the American Philosophical Society, 
Philadelphia, last April. It appears that'about 94 per cent, of the earth's 
field arises from magnetic and electric forces inside the earth, about 3 per cent, 
to an electric system in the atmosphere, and the remainder to a system 
equivalent in its effects to electric currents passing perpendicularly tl^ou^ 
the earth's surface. For the year 1922 the magnetic axis for the earth^fi^ 
was inclined at 11*3** to the axis of rotation, and the magnetic moment was 
8t>5 X unit pole-cm. Gauss's analysis for 1830 gave this magnetic 
moment as 8*55 x 10^, so that the earth's intensity of magnetisation has been 
diminishing during the last eighty years at an average rate of i/i,500th part 
per annum. No explanation of this rather remarkable decrease is available. 
Further details regarding the results which have been deduced will be found 
in Teffesirial Magnetism and Atmospheric Electricity (March, June, September 

*923). 

Papers by Prof. St. John and by Dr. Evershed show that both these 
observers are now of opinion that the solar spectral lines show a displacement 
towards the red end of the spectrum, as predicted by Einstein. According to 
Science (September 28, p. x), St. John has calculated that the Einstein dis*^ 
placement of the lines amounts to 86 per cent, of the total observed effect, 
the remainder being due to other well-icnown effects resulting from the COQ* 
ditlons in the solar and terrestrial atmospheres and to the sun's rotatUm pn 
its axis." With this conclusion the three effects predicted by Einstein as a 
result of his theories of relativity may be taken as having teen verified tqr 
actual observation. 
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An appeal ia being made to the public for donationa towards a fund of 
£^fOoo for the foundation of a Rosa Institute for research on tropical diaeaaei. 
ihd appeal is signed by many of the most eminent persona of the da^, including 
Sir Charles Sherrington, Sir Humphry Davy Rolleston, and Sir Anthony 
Bowlby; Prof. Roux (Director of the Pasteur Institute, Paris); Prof. J, 
Bordet, N.L. (Director of Pasteur Institute, Brussels); Surgeon-General 
Gumming (Director-General, Public Health Service, U.S.A.); Rt. Hon. H. H, 
Asquith ; the Marquess of Lansdowno ; Lord Hardinge of Penshurst, and very 
many others. Lord Leverhulme is acting as President of the Institute, and 
Lord Willoughby de Broke as Hon. Treasurer, to whom subscriptions should 
be sent at the offices of the Institute, 56, Queen Anne Street, W.i. In their 
appeal the Committee point out that France has her Pasteur Institute, in 
memory of the great scientist and to carry on his work; America has her 
Gorgas Institute at Panama, and Japan her Kitasato Institute; and it is 
strongly felt that Great Britain should similarly honour one of her greatest 
investigators." Since Sir Ronald Ross made his great discovery on August 
20, xSgy, after much distressing toil and many, many failures, the number 
of lives which have been saved must run into several millions; in a letter to 
Nature (September 29) Dr. Malcolm Watson estimates that over 100,000 
lives have been saved in Malaya alone. How Major Ronald Ross made his 
discovery is told by Wilfred Partington, the Secretary of the Institute, in these 
words: 

" On August 16 Ross captured an Anopheles mosquito on the wall of his 
room—a different type to those on which he had been working. Strangely 
enough, later the same day, one of his collectors brought him a bottle of al^ut 
a dozen of the same type. The round of dissections, comparisons, and 
tabulations began again, but, under the microscopic examination, they all 
yielded negative results until the last of the batch remained. The dramatic 
finale of the long quest shall be told in the discoverer's own words : 

" * The dissection was excellent, and 1 went carefully through the tissues, 
now so familiar to me, searching every micron with the same passion and 
care as one would search some vast ruined palace for a little hidden treasure. 
Nothing. No, these new mosquitoes also were going to be a failure : there 
was something wrong with the theory. But the stomach tissue still remained 
to be examined—lying there, empty and flaccid, before me on the glass slide, 
a great white expanse of cells like a large courtyard of flagstones, each one of 
which must be scrutinised—half an hour's labour at least. I was tired, 
and what was the use ? 1 must have examined the stomachs of a thousand 
mosquitoes by this time. But the Angel of Fate fortunately laid his hand on 
my head ; and I saw a clear and almost perfectly circular outline before me of 
about 12 microns in diameter. The outline was much too sharp, the cell too 
sm all to be an ordinary stomach-cell of a mosquito. I looked a little further. 
Here was another and another exactly similar cell. The afternoon was hot 
and overcast; and 1 remember opening the diaphragm of the sub-stage 
cemdenser of the microscope to admit more light and then changing the 
focus. In each of these cells there was a duster of small granules, black as 
jet. . . 


" It was the malarial pigment. The next day the cells had grown larger; 
they were the malarial parasites, and it was not long before their life-cy^ 
from the stomach to the proboscis of the mos^ito was followed. The 
secret of many years of research was revealed. The discovery had proved 
both the species of mosquito which carries the parasite, and the form and 
the position of the parasite within it. Thus, not onlv was the way opened 
at last for systematising the best measures for combating the carrying of 
malaria by this species of mosquito, but scientists had the original source of 

^ Momoirs, by Ronald Ross. (John Murray, 1923.) 
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the dieeaae traced for the first time, the direct consequence being the fadli^ 
for investigating the insidious developments of malaria in its many and often 
disused forms." 

It is not the intention of the founders of the Institute that it should compete 
in any way with the existing Schools of Tropical Medicine in london and 
Liverpool. Their work is, of necessity, mainly directed to the training of 
young medical men for practising in the Tropics. The primary object of the 
Ross Institute would be research; a clinical establishment would be main¬ 
tained in intimate conjunction with its laboratories, and expert workers would 
be able to carry out there, under favourable conditions, their attack on the 
many outstanding problems of tropical disease. 

The regular publication of the new Journal of Scientific Insirument$ 
commenced with the appearance of the first number last October. The 
Journal is produced by the Institute of Physics with the co-operation of the 
National Physical Laboratory, Dr. J. S. Anderson, of that Laboratory, acting 
as first editor. It is intended that the matter contained in it should fall 
under one of the following heads : (i) Papers dealing with the practical and 
theoretical aspects of Scientific Instruments ; (2) Notes on new instruments, 
modifications of old ones, and descriptions of instruments of special histmric 
influence; (3) Laboratory and Workshop notes; (4) Reviews and corre¬ 
spondence. The price per monthly issue of 32 pages is 25. 6 d. (or 25. to mem¬ 
bers of the Institute of Physics). The first number commences with an 
important paper by Prof. Filon, F.R.S., on the Measurement of True Height 
by Aneroid. A special aneroid dial is used which gives the " lapse-rate 
height, f.tf. that determined on the assumption that the temperature gradient 
upwards is constant. Although intended primarily for aeroplane use, an 
aneroid with such a dial is an instrument of general interest. It is to be lM>ped 
that the editor will bear in mind that instruments whose application is entirely 
restricted to aeronautics are of very little interest to the general ph 3 r 8 ici 8 t. 
Other papers deal with the measurement of the internal diameter of sailed 
glass tubes, the temperature control of a Pulfrich refractometer, and a 
general-purpose recording drum devised by Prof. C. V. Boys. The Journal 
is well ^nted and of convenient size for the production of comprehensible 
drawings—a matter of the utmost importance for a publication of its kind. 

The Report of the Oxygen Research Committee of the Department of Industrial 
and Scientific Research (H.M. Stationery Office, Imperial House, Kingsway, 
W.C.2.; price 85. 6d.) contains a full discussion of the problems involved in 
the storage and transport of large quantities of liquid oxygen. It is divided 
into four parts. Part I, entitled The Storage of Liquefi^ Gases, deals with 
the theory of the Dewar vacuum vessel when used as a container of very cold 
liquids. The purely theoretical part of the chapter was largely prepar^ by 
Dr. Marker, whose death we have had to record with great regret in these 
Notes. The experimental work suggested by the theory was carried out by 
Prof. Briggs, of the Heriot-Watt College, E^burgh, who also investifated 
the efiects of carbon and silica placed as atraorbents between the walls of metel 
vacuum vessels. Such absorbents are essential for the practical use of metal 
containers, but there is a risk of explosion when charcoal is used if the walls 
of the container are pierced (e.g. by a bullet), so that the surface of the charcoal 
is suddenly drenched by liquid oxygen. Part II deals with the manufacture 
of »ctal vacuum vessels. These are now made by joining spun copper 
hemispheres with a special form of soldered joint, but a great deal of 
^ necessary in order to determine the best method for the 
oonstrumon and evacuation of large numbers of flasks. Parts III and IV 
deal with special difficulties which have arisen in the use and transport of fhs 
fla^. ^ appendix to the report contains a valuable collection of thonttSl 
date relating to the liquefaction of gases and to the properties of substenoee 
at low temperatures. 
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Othi^ raoe&t xiaports from the JD./. 5 .J?. include Report No. 17 of the Food 
Inmtiigation Board on Mould Growths upon Cold^tore Meat (price xr. 6d. 
net), which contains a paper reprinted from the Transactions of the EriUsh 
Mycohgical Society (voL viii, part iii, 1923). with a popular introduct^n, 
the Rej^ft of the Aeronautical Research Committee 1922-3 (price 25. net)» Fuel 
Research Board, Technical Paper No, 7. on the Low-tem^rature Carl^nisa* 
tion of Coal in Vertical Retorts ^rice 9d. net), and Building Research Boaird, 
Special Report No, 7, on Heat Transmission through Walls, Concretes, and 
Plasters (^ice is, 6d, net). This latter contains results which should be of 
great interest to those al^ut to build houses. In addition to experiments 
carried out by Dr. Ezer Griffiths at the National Ph3r8ical Laboratory, the 
Report contains an accotmt of experiments carried out at the Norwegian 
Technical Academy on twenty-four experimental huts identical in every 
respect save wall construction. The general conclusions show that the 
chiSftpest type of one-brick English hollow walls are as efficient as any others 
both from the point of view of heat insulation, first cost, and strength. 

Pamphlet No. 2 of the British Science Guild Publicity Service is entitled 
Thermionic Valves and their Uses and is written by Prof. J. A. Fleming. It 
details the history of the invention of the Fleming two-electrode valve and of 
the subsequent improvements. The latest development is in the construction 
cd high-power generating valves for wireless transmission. These have been 
made possible by the discovery in the laboratories of the Western Electric Co, 
of Arnica that a copper tube with a sharp edge can be welded to a glass tube. 
In lar^ valves the great source of trouble is the heating of the metal cylinder 
by the bombardment of the electrons. In the metal-bulb valves the copper 
part forms the anode cylinder, and it can be kept cool by immersion in water. 
Valves of xo-ioo kilowatts ^ve been made in this way, and the General 
Electric Co. of America is said to be preparing a valve of the Fleming type with 
an output of 1,000 kilowatts (i.s. 1,300 horse-power) I Pamphlet No, 3 issued 
by title Guild contains an account, written by Sir Robert Hadfield, of his 
d&covery of manganese and other steels, and reminds us how much we owe 
to the production of the various alloy steels which followed his original 
discovery. 

Possibly owing to their large subsidies for scientific research, the Americans 
ate certainly at present adding much to our genera] knowledge. Mr. Maynard 
M. Metcalf, of the Orchard Laboratory, Oberlin, Ohio, sends us a very 
detailed report, of nearly five hundred pages, on the Opalinid Ciliate In* 
tusorians, Thm are parasites of the caecal portion of the rectum of Anuran 
hosts, and the author treats the group with great completeness throughout. 

We have received a pamphlet in English regarding the Vlllth Olympiad 
to be held in Paris in 1924, entitled Contests of Art, A number of juries 
ooasisting of men distinguished in Architectme, Literature, Music, Painting, 
and Sculpture have been appointed in order to decide regarding prises arid 
me d als winch it is proposed to give in these subjects. Further izdormation 
can be obtained from the Secretary of the Executive Committee, 30 Rue de 
Orammont, Paris (2* arr^). 

The Research Defence Society, n Chandos Street, London, W.x, has 
issued its ninth aimual pamphlet. The Fight against Disease, The present 
pamphlet consists of an able lecture by John C. McVail, M.D., LL.D., 
delivered in the House of Commons on July 25, 1923, on Smallpox and 
Vaccination, He maintains four propositions, namely: (i) smallpox is 
worth preventing; (a) smallpox can be prevented by vaccination ; (3) small* 
ppx cannot be prevented without vaccination; (4) properly conducted 
i^accination is very safe. How anyone can be foolish enough to think that 
•mi^pox is not worth preventing would be unbelievable by those who have 
aver sasn a case of smallpox^^tbe poor wretch lying groamng in bed, rolling 
mm side to sidOi with nis or her face bloated to about twice its size and 



464 SCIENCE PROGRESS 

covered with a mass of stinking pustnles^-thousands of them, and each as 
painful as a single vesicle resulting from vaccihation. Add to this picture 
a risk of death which often reaches 25 per cent., and a very considerable 
risk of being blinded and of being pitted for life and injured in various organs. 
True, recent smallpox in Britain has been of the milder variety, but we 
hear that the case-mortality has suddenly increased largely in the United 
States. As we said in our last issue, it is time that the causal agent of 
smallpox were determined—if it has not been determined already. Regarding 
Dr. MeVairs second and fourth theses, no one who has any knowledge of the 
subject retains any doubt; but regarding his third thesis there is some 
difierence of opinion. Many medical men think that early detection of 
cases and their isolation, without any general vaccination of all infants or of 
adults, will suffice to keep the disease in check; and they quote the fact 
that the disease has not prevailed very largely in Britain of recent years, in 
spite of the fact that infant vaccination has been so much reduced. But 
this is doubted by many of those who know how difficult it really is to detect 
cases early enough and then to isolate them efiectually, especially in the 
case of the voung. 

Various business houses are now issuing what are often excellent pamphlets 
on the subjects with which they deal. For instance, Messrs. Fellowes^s 
Medical Manufacturing Company, New York, sends us one on Cancer which 
summarises the whole subject in a manner which will be useful to many 
medical men. And we have recently received from Messrs. Findlater, Mackie, 
Todd & Co., London, an interesting little brochure by Mr. William J. Todd, 
their director, called Handbook of Wine, How to Buy. Serve, Store, and 
Drink it. It is really quite an elegant though brief literary work, with some 
telling quotations from Meredith and Saintsbury. Wine is a glorious thing, 
but it must alwajrs be taken with moderation or water I Even ** Senator!^ 
Port must not be trusted too implicitly; and though Burgundy has 
great genius,'* we must not follow it too trustingly. True, ** Port speaks 
the sentences of wisdom. Burgundy sings the inspired ode " ; but caution 
must always sit in the Chair. Sherry is '* A wine of all work " and Claret 
has an Almost feminine grace and charm **; while Champagne boasts of 
an ** Immediate inspiration," and Sauterne, Moselle, and Hock possess 
Rather uncanny and sometimes palling attractions.** Rightly such base 
things as whisky, beer, and gin do not enter into this Parnassian survey. 
The gods never drank them, and why should we ? But, on the other hand, 
so far as we know, the gods never had gout—^Ihough the behaviour of Zeus 
occasionally suggested that inconvenient trouble. 
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To the Editor of Science Progress 
PSYCHOLOGY AND EDUCATION 
From Col. Arthur Lynch 

Sir, —The record of the British Association at its Liverpool meeting was so 
good in parts that this excellence has tended to cover a defective side in 
which the quality was far below the proper standard. 1 refer to the Sections 
of Psychology and Education. 

This has given me so much concern—partly because I am here fighting 
for my own hand, or rather for that ideal of science which has ever led me 
on—that I have studied the psychology of the matter itself with special 
respect to the professional mind ; and 1 now endeavour to express in brief 
form the substance of what I have gathered. 

The papers in the Psychological and Educational sections were almost 
entirely bad, and hardly one ei^bited the marks of a veritable scientihe 
handling. 

I am not here a stickler for mere form, but in any scientific exposition, even 
of subjects usually found to be so elusive, we should have a reference to deep 
foundational ideas, a search for great generalised principles, a conduct of 
the argument step by step with as much rigour as possible, and an outcome 
in a vision of fertile applications. 

Judged by standards such as these, how was it possible that the majority 
of tlto papers could have been received at all ? That, for instance, of Bishop 
Welldon ? That was mainly opinionative; many of the others should have 
been disbarred on the ground of deficient intellectual calibre. 

It may be said that such popularisations tend to encourage interest in 
science: I reply that the proper course of the development of science is by 
virtue of valid science, and that the popularisation of mere polemical dis¬ 
cussions or of newspaper booms, with their penchant for the sensational and 
silly, retards rather than helps science. 

False values are introduced, inverted standards obtain official sanction* 
the perspective of reputations* either of work or of men, becomes absurdly 
distorted, and the spurious work finally chokes up the avenues through 
which true sdence may have to struggle for recognition. 

The history of science is studded with examples of great work disregarded, 
and we in another generation look back with wonder; I say, simply, the 
same results are {uroduced to-day and by the same causes, and all thii is 
true in particular of psychology. 

The main reasons are: The tendency of professors to form a dose borough 
imt for the Advancement of Science, but for the furtherance of their own, 
possibly in some cases intellectual, interests. The inbreeding of the Uni¬ 
versities by which professors whose brains have become addled by false 
learning select their successors by reason of their conformity to their own 
bad teaching* The tendency of professors, editors of sdentinc and medical 
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JoiimalSi scientific societies and associations, to " drink the label ** Instead cd 
exercising an independent judgment, to kotow to titles and anthonties* to 
roll logs, to play the safe game, to entrench themselves in grooves, and, in 
endeavouring to serve inferior ends, to let the veritable interests of true 
science fall out of consideration. * 

All these faults were manifested in the programme of the British Ass^ 
elation, and if they escaped general criticism, that result is due to the 
very evils of which I complain, and it serves to point the moral. 

Yours faithfully, 

Arthur Lynch, 

September 20, 19^3. 


THE DARWINIAN THEORY 
1 —From R. A. Fisher, M.A. 

Dsar Sir,—I n regard to Prof. MacBride's reply to my letter in your October 
number, I may be excused from replying to those parts which are irrelevant, 
and still more from retorting upon those parts which are personal. In that 
section, however, which is devoted to my criticism, Prof. MacBride displays 
such an astonishing lack of familiarity with the biometrical method, and 
still more with the established results of Biometry, that a few words of 
elucidation may not be out of place. 

Prof. MacBride claims that, apart from ** sports and monstrosities to 
which, according to him, Mendelian inheritance is confined, difierenoea 
between brothers are not heritable. 1 called his attention to hitman sMttm 
as an example, which has been extensively studied, of that heritable fluctiiat* 
ing variability, which represents the almost universal type of variability upon 
which Darwin relied in developing the theory of Natural Selection. ^Hiis 
appeared to be a case in which we can definitely assert, on the basis of 
existing knowledge, that difierences between brothers are inherited. To* 
my surprise, Prof. MacBride repudiates even this instance, with charaoteiistio 
emphasis (p. 290): 

** Now Mr. Fisher's objections are characteristic of the loose kind of 
statistical juggling that passed for research in heredity before the 
on exact experimental methods. How, for instance, does Mr. Fisher 
know, or how could anyone know, that difierences in stature between brothears 
are inherited ? This could only be done if the brothers married wmouen of 
exactly the same genetic constitution, and how could sameness he 
ascertained ? One has only to state the position clearly in order that everyone 
can see the absurdity of it." 

^ biom^cal mode of reasoning depends essentially on the fact, iriitdh 
has own amply confirmed by experiment, that, however variable a pop«lati«i 
the mean of a number of individuals is generally vailable, 
if our sample is a random one, is less variable in a calculable propo rtioii, 

U a single m^uremrat. Fot example, individuals of our popuntion apMer 
to bs normally distributed in stature, with a standard deviaticiii of ahont 
a *5 inches; consequently an individual chosen at random will larslY dtfiMF 
from ^ mean ^ as much as three times this amount, and will only difte 
mm the mean by (say) five times this amount in exceedingly rare inetaimaas 
‘“^viduals chosen at random will be very aneh aM« 
?««atioii wiU be about a twelfth of an iaeh. md 
wiu rarely diner from the general mean by as much aa a onarter of u lndk 
If* tharslore# we find that two samples of tiae fa thstr^ 
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by half an inch, or an inch, conclude that the obsemd diflterence ie not 
due to chance in the selection of the individuals making up the samples^ but 
Is due to the manner in which the selection was made ; sudi diderences are 
said to be significant, and it is by basing bis argument on significant difierences 
that the biometrician surmounts the difficulty which looms so large to 
!Prof. MacBride, that we cannot mate our brothers to genetically identic^ 
women. 

Taking for example the stature of 1,000 pairs of brothers and that of one 
son of each, and comparing the mean stature of the sons of the taller brothers 
with that of the sons of the shorter brothers, we can see if the difference is 
significant. If the average difference between the brothers was two inches, 
we should find, in accordance with the consistent body of biometrical research, 
that the average difference between the sons was very near to one inch. Such 
a difference is assuredly not due to chance. If our opponent will not admit 
that it is due to the differences in the paternal inheritance, he must ascribe 
it to the mothers. Then compare the statures of the mothers. We shall 
probably find that the taller brothers have in fact married the taller women; 
the average difference will be about half an inch. The case then stands 
thus : difference between brothers—two inches : difference between sons— 
one inch; difference between wives—half an inch. If these be the facts, 
the common-sense investigator will not hesitate to recognise that part at least 
of the differences between the sons was ascribable to their fathers ; and that 
the differences in stature between brothers were in fact heritable. If further 
refinements were necessary, we might, with extended material, confine our 
attention to those cases in which the wives were of the same height, but we 
need not pursue our opponent farther into the wilderness of fantastic 
hypotheses which further observations would force him to put forward if 
he continued to evade our conclusion. The prettiest biometrical experiment 
for disposing of the peculiar doctrine of Prof. MacBride would be to select 
only those cases, which are fairly numerous, in which two brothers have 
married two sisters; for in this case, on Prof. MacBride's view, the wives 
would be genetically identical. 

The above examples are designed rather for simplicity of explanation than 
as examples of the way in which the practical biometrician goes about his 
budness. They answer Prof. MacBride's difficulty about methods of 
research in human heredity, but, being hypothetical, they do not tell us to 
which conclusion such research would in fact lead. In practice biometrical 
data are not collected afresh for each specific question, and are handled by 
somewhat more complicated calculations (e,g. correlation coefficients); the 
use of these more advanced methods does not, however, involve any fresh 
assumptions. To demonstrate the existence of heritable differences Mtween 
hrothm, it is suffident to point out that the correlation of father and son 
is very near to 0*5, while that of uncle and nephew is near to 0*3. The 
effect of average differences in the mothers is accurately eliminated by using 
for comparison the partial correlation (0*44}, instead of the total correlation 
between father and son. 

To Ptof. MacBride all this is a loose kind of statistical juggling/' just as, 
aeocMtdiiig to the same authority, all characters which men^use are sports 
and monstrosities.'' If Prof. MacBride had put forward an altemative 
oa^planation of the body of facts upon which biometrical conduaions are based, 

could be entitled to a respectful hearing. This he has not attempt; he 
%nms the facts and abuses the method. Consequently it would not be 
eurfaialng if his advocacy of Hammerer's view should carry, if possible, 
even kis weight to statistical, than it does to Mendelian, students of hseedity. 

Yours faithfully, 

R. A. Fishbu. 

ftotllAiiino ExnittMBKTAt Station. 

Ockhsf 31, 1913. 
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n— From Prof. E. W. MacBrioe, F.R.S. 

Dear Sir.—I do not wish to prolong the controversy between Mr, Fisher 
and myself: it is obvious that Mr. Fisher’s answer does not touch the 
n»ai n point of my criticism of the biometrical method, which is this, that 
biometrical methods are worthless except when applied to biologically 
purified material. To the biometrician, men are just men, that is, inter¬ 
changeable and equivalent units: to the biologist, if they are of difierent 
races—or especially if they are crosses between different races—they are 
not comparable. Mr, Fisher talks of the well-known fact that, however 
variable a population is, the mean of a number of individuals is less 
variable, etc. etc.” What is a ” population ” ? Is it a sample of a pure 
race, or is it any random assortment of individuals from a mixture of 
races ? If the latter, what results of any value can be got by mathematical 
measurement? What chemist would try to draw conclusions from the 
properties of an unanalysed mixtme ? 

Chie of our best British anthropologists, Fleure, has recognised this, and 
asserts that the first step in anthropological research is to define types. He 
says that types must characterised from samples that have remained 

! >ure from intermixture, and that the average measurem^ts of head-index 
for instance) taken over a wide area have very little value. Mr. Fisher 
gives hypothetical figures which he thinks prove that the sons of brothers 
differ in stature and that these differences are not due to differences in the 
height of the mothers. I should like to see details of the actual working out 
of ^se relations of stature between the members of the families of brothers. 
But even if it should be found that there was something to be said for the^ 
supposition that where the mothers were the same in appearance and 
hereditary potentiality the offspring differed, that would not support Mr. 
Fisher's hypotheses, viz. that ” mutations ” are continually occurring within 
in the race and that the selection of these is the means by which evolution 
poceeds. There are differences in nutrition to be considered, and crosses 
between different races will yield offspring in which in the same family the 
characters of the parent races will segregate. What the causes of individual 
human variation are it will generally be impossible to disentangle. Such 
questions can only be decided by experiments on purified material. This is 
recognised by the latest authority on human inheritance—Lenz—who is 
an ultra-Mendelian. He frankly sa3rs that Mendelism cannot be demonstrated 
from huixmn statistics : he concedes that we are only justified by analogy 
in applying Mendelian laws to human material, and that the laws 
themselves can only be demonstrated by careful experiments on animals 
and plants. That is the whole crux of my former answer. When 
these careful experiments have been undertake they do not bear out 
Mr. Fishy's hy^thesis. 

Fisher accuses me of ” i^oring facts ” and of ** abusing the [statis- 
bcalj method. I deny that ^ mathematical computations are biological 
fa^ at all, ^d in scorning the method I am taking up precisely the same 
attitude M that adopted by Dr. Bateson and his pupils in the great discussion 
Pearson at the British Association meeting in 1904. Weldon 
imd Pearson had produced work on the inheritance of colour in pof^es, 
MMd on ob^nratiox^ on flowers unshielded from the visits of insects, and 

“ ^^8“tly 1 think, refused even to discuss results obtained under such 

conditions. 

1 c«« very Uttle what rtatisticlaiui like Mr. FUher think of Dr. Kammarer. 

® iwlogiBt. whether a Mendelian or not. who did not 
^mit that,»/ Kammerer'$ results were confirmed^ they would absolutely prove 
his contention that the effects of habit were inheritable. One of the 
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youngs Mendelians at the ditcusdon at Cambridge made thie stateaient ia 
unequivocal terms. 

But it may interest readers of Scisncb Progrbss to leam that» leaving 
out altogether the cytolysin experiments of Guyer, confirmations of Kam- 
merer's results have come in from four different quarters, and one of these 
is a paper recording researches by Pavlov, one of the leading physiologists 
in tlkXi world. I feel convinced that when these results are more widely 
known,, all true biologists, including Mendelians and statisticians who are 
also bidfogists, will be convinced. 

Lastly, I have reason to hope that light is beginning to dawn on the causes 
of the appearance of Mendelian sports ; if the work to which I refer is con¬ 
firmed, it will show once for all the hopelessness of taking Mendelian sports 
as the units in the evolutionary process. 

Yours faithfully, 

E. W. MacBrxdb. 

IMPBRIAL College op Science and Technology, 

South Kensington, 

London, S.W.7. 

November i, 1923. 

[This correspondence must now be closed in this Quarterly.— Editor.] 


DR. KAMMERER IN CAMBRIDGE 
From A. G. Thacker, A.R.C.Sc. 

Dear Sir,— In the October number of Science Progress Prof. MacBride 
criticised at length my brief comments upon Dr. Kammerer’s lecture in 
Cambridge. But he does not really dispute my principal criticism, that 
Dr. Kammerer confused the issue by a generalisation that had no relation 
to the real points in dispute. Dr. Kammerer stated that if what is 
hereditary cannot change " there could be no evolution. I pointed out that 
the followers of Weismann—being evolutionists—^nevcr alleged that *' what 
is hereditary could not change,*' but agreed that a change which was really 
a germinal change would of course be inherited. Prof. MacBride's only reply 
is to say that Lamarckians also think that a change must be a change in the 
germ-cells if it is to be hereditary. Of course Lamarckians also think tito. 
But I was not at that point discussing the Lamarckian view; I was defending 
the followers of Weismann from Dr. I^mmcrcr's extraordinary misstatement. 
The real point at issue is, of course, not whether hereditary changes occur, but 
how they occur—as Prof. MacBride himself says. 

All ihis is very obvious, and need never have been mentioned but for 
Dr. Kammerer's generalisation. But it is, I think, important to get rid of all 
a priori assumptions as to how germinal variations may arise. On the one 
hand, there is no reason to suppose that the germ-plasm is necessarily 
absolutely stable in constitution i:^e8S it is influenced from without. In a 
substance having the chemical complexity of the nucleus of a germ-cell, purely 
internal reactions might well cause instability and change. On the other hand, 
many of us now think that the earlier Weismannists were too dogmatic in 
endeavouring to rule out altogether the possibility of germinal changes arising 
ixom, somatic changes. We should be prepared to find variations arising either 
from internal reactions or from external influences ; though* if I wiihed to 
enter into dialectics I should point out to Prof. MacBride that no variation 
could be uncaused.** 

On the question of Dr. Kammerer's actual experiments, I suggested that 
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H ^ desirable to suspend judgment pending fuller and more extoByrtve 
information. The negative results obtained Mr. M, Fox in his recent 
experiments on Cti^na (see Nature, November 3) appear to show that more 
information is necessary on that point. It is perha{« true that the lAmarc* 
kian factors might be operative, and that yet it might be difiicult to obtain 
direct evidence of their reality. But this is all the more reason for collecting 
as much information as possible about those few cases in which such direct 
evidence is supposed to be forthcoming. 

Yours faithfully. 

A. G. Thacxik. 

November 15, 1923. 
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rmm THSO&T of SXiSOTBOilbTTSt (H. H. AI1 «b. B.8o.. Ph.D.). 

A 1UBC1IA|IKABLB advance in the theory is made in a recent paper by P. Debye 
and £. Haeckel, which deals xnainly with the lowering of the freezing-point 
of vmter by dissolved electrolytes.^ 

If Pft is the osmotic pressure calculated by van’t Hofi's law, on 
the assumption that the electrolyte is completely dissociated, the actual 
pressure will in general be smaller than this; and for each concentration 
can be represented by /<, P*, where /<> is a variable fractional coefficient 
which diminishes as the concentration increases, and approaches unity as it 
diminishes to zero. The number of free single particles for each concentration 
can, according to Guldberg and Waagesch, be determined on thermodynamical 
principles, and Planck considers that the whole complex of interdependencies 
can be founded on thermod3mamics. 

The electrical conductivity, according to the ordinary theory, depends on 
the number of dissociated ions; and this property, the lowering of the 
freezing-point, the increase in the boiling-point and the osmotic pressure 
should be interdependent. Strong acids and bases, and their salts, however 
(the " strong ** electrolytes), do not show the required agreement, the di£^- 
enoes becoming greater at high dilutions. If x — /o is plotted as a function 
of the concentration c, the curve, in the case of binary electrolytes like KCl, 
tends to the zero-point with a hnite tangent, depending on the equilibrium 
constant K, according to the classical theory. If the molecule is split into 
p ions, the law of mass action gives i/** x for small 

concentrations, so that where there are jnore than two ions there should be 
contact of higher order with the abscissa axis. All the jproposed practical 
Interpolation formula made i — /© proportional to a fractional power of the 
concentration; and F. Kohlrausch found that the power was 0*5 for con^ 
ductivity, at infinite dilution. 

W. Suther^nd * tried to remodel the theory on the assumption that the 
dissociation was in all cases complete ; and N. Bjerrum in 1909 showed that 
this view Was correct, and followed if the electrostatic forces were taken into 
account. The change in the theory is similar to that in the van der Waals 
gas theory, when actual gases are substituted for the original ideal gases; 
but in t^t case the forces between the molecules fall oft much quicker than 
the inverse square law, which holds for the ions, requires. Milner has carried 
out the necessary calculations *; but his method leads to mathetnaticaal 
dU^lties; and the relation between i - /© and c can only be given in 
grai^bdical form. He assumed that his results would hold for high ooncen* 
tvatkms, s^ch is Mt the case* 

^ Gefriespunctsemiedrigung und verwandte Brsheinimfen/* Phye^ 
jnitet*;May X, 

t jphU, Mag., January 14, X907. 

^ PkU* Mag., 531, Z9ia ; ibid., 86« 743 * 
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478 SCIENCE PROGRESS 

' ‘ 

J. C. Ghosh has recently studied the question ^; but his results mse not 
altogether reliable. P. Herts has endeavoured to make use of the elec^ 
trostatic influence of the ions on one another, as affecting their mobility, to 
explain the facts of electrical conductivity; but his theory is based on the 
kinetic gas theory ; and he uses ideas connected with the free path in gases 
at low pressures, which have no real application in this problem. 

In order to facilitate the mathematical treatment of the problem of the 
lowering of the freezing-point, the authors introduce the fundamental 
function G defined by the equation: 

(i) G-S-2; 

where S is the entropy, U the energy, and T the absolute temperature, of the 
solution. 

They deduce from this that 

U is then divided into two parts, U* the energy given by the classical theory 
and the additional electrical energy. From (i) it follows that 

T*| 5 -U; G-G.+ G,: . 

/ u 

^ dT. They proceed to derive the value of the deviation B 

of the lowering of the freezing-point from that given by the classical theory. 
The following are some of the results obtamed : 

(i) In the li i it, for small concentrations, the percentage deviation of 
the lowering of the freezing-point is proportional to the square root of the 
concentration for all electrolytes. 

(2) If the dissolved molecule is split into Vi^ p ions of different 
kinds I — I — with valencies — r — the above deviation is pro¬ 
portional to a valency factor 

(3) For small concentrations the above deviations are Inversely propro- 
tional to the 3/2 power of the dielectric constant of the solvent. 

The deviation 6«« A* — where At is the lowering of the 

freezing-point given by the classical theory with complete dissociation, and 
is that observed. 0 is also equal to x - /*,. 

For small concentrations the theory shows that 

where T •» 273 for dilute solutions in water, t 477 x lo-*® ig e s u, ni$ 
Loschmidt’s number •• 6‘o6 x lo**, k — 1*346 x xo"** ergs, D is the diel^tric 
constant of water at 0®C - 88*23, <^»d Zp p the number of ions inito 
which a molecule of the salt splits up. This gives 0 — 0*270 w Vpy^ 
Curves are drawn showing the relation between 0 and Vpy for MgSOf, 
La(NOt)*, K|S04, and KCl; and for other salts having these valency 
relations ; they are found to be tangei^ at the origin to the straight lines 
obtained by giving w the values i, 2 V2, 3 V3*, and 8, corresponding to the 
number and valencies of the ions of the salts; and to follow theie Unei 
closely for some distance. 

^ Chsm, Soc. 118 , 449# bay, 707, yqo, 19x8. 
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. iigk dilotloiui the theory shows that the diameter of the ion can be 
neglected^ and it is in this way that the above equations are obtained ; for 
hiipier concentrations the deviations depend on the individual jmperties of 
the ions, and particularly their dimensions. The curve for CsNOf apjmxi- 
mates to the straight line law much further than that for KNO«, and so in 
order for CsCl, KCl, NaCl, and LiCl, the curve of the last-named salt bending 
quickly over towards the abscissa axis. The mathematical theory shows 
that 6 can be obtained for higher concentrations by multiplying the expres* 
Sion (2) by a factor, which depends on what is known in the theory as the 
characteristic length x /«, which is of the same order of magnitude as the ion 
diameter. When this is taken into account, experiment and theory are found 
to be in good agreement for difierent salts, over a considerable range of con¬ 
centration. For very high concentrations other factors previously neglected 
have to be considered ; but there appears to be little doubt that even here the 
molecules of the salts are split up into their ions. 

A qualitative explanation of the conductivity relations is also given, the 
most important features being the braking action of the stream of ions of 
opposite sign on the motion of the ions ; and the braking action due to the 
^rotating of the dipoles of the solvent owing to the electrostatic forces, as the 
ions pass between them. A full mathematical treatment of this problem 
is promised. 


nilB AHVBALXVO OF OXJUM (H. V. Malligmi, MjIL, BJk.. Vnivmltf 
College, Eieter). 


It is well known that if glass is in a state of stress, its quality is deteriorated, 
as it is liable to crack easily and there is a risk of the surfaces becoming 
distorted. This is more especially the case with optical glass, as a stress 
alters the refractive index of the glass and produces the phenomenon known 
as ** double refraction.'* Hence it is essential that in glass lenses, prisms, 
etc., there should be as little stress as possible. 

The method used commercially for the removal of stress in glass is known 
as annealing. This may be roughly described as heating the glass until it 
becomes comparatively soft, keeping it at that temperature for some time, 
and finally cooling it more or less slowly. 

Formerly this process was rather ^phazard and tentative as regards 
the time of annealing and rate of cooling, and a large proportion of faUures 
resulted, with consequent waste of time and material. Now, however, the 
times and rates can be. calculated with a very fair degree of precision, and the 
chance of a failure at present is quite small. 

The object of this paper is to describe the processes which take place when 
glass is hinted or cooled, with the mathematical terms which most nearly 
represent them. 

When a piece of glass is being heated, the outer layers expand ; con¬ 
sequently thm is a pull exerted on the inner layers, and the glass is in 
a state of stress, there being a tension in the inner layers and a compression 
in the outer layers. Similarly, when a piece of glass is being cooled, the 
outer layers contract first, and a state of compression exists at the centre. 
In the hating and coolinig of glass, these two effects are equal and opposite ; 
f.#. if a piece of glass origmally unstressed is heated to a certain temperature* 
none of its stress being lost, and then cooled to the former temperature* 
there will be no stress finally in the glass. If, however, when the glass is 
heated an amount of stress s is lost, when the glass is cooled again it will 
have a stress—^, equal in magnitude but opposite in sign to that which 
was lost. 

This stress obviously depends on the rate of change of temperature, and 
would disappear if at any time the temperature were kept constant, since all 
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parts of the glass would then expand equally. In calculations* the tixne 
taken for the temperature to become constant throughout the glhss, and 
hence for the stress to become fixed, is ignored, as it is small compared wi^ 
the other times considered. Hence it is assumed that the stress is dis¬ 
continuous at the beginning and end of heating or cooling. 

The stress here referred to also depends on the shape and nature of the 
glass, and varies through the piece of glass during heating. One of the 
simplest cases is that of a large plane slab of glass. In this case, if 2 h is 
the thickness, F the stress at any point, x the distance of the point from a 
plane equidistant from the surfaces of the slab, the stress is given by the 
equation 

F_ag(6*-3^*). 

where a is a constant depending on the type of glass, B is the temperature 
(generally measured in degrees ^ntigrade), and t is the time. 

This equation, originally proved for a constant rate const.), is easily 

teen to be true for any continuous rate of heating or cooling, as it may be 
regarded as the limit of an infinite succession of constant rates, each lasting 
for an infinitesimal time. 

The stress is usually measured at the centre, where ij^ is a maximum, or at 
the surface, where the strain of opposite sign is a maximum. 

Hence if So is the strain at the centre, it is given by the equation 



where c is a constant depending on the thickness and type of glass. 

If, also, there was originally a stress present in the glass, whose value at 
the centre was + (tension), the stress at any time during heating is given 

by So - + s.. 

The same equation holds for cooling. 

The stress that exists during heating or cooling is called the temporary 
stress; that which remains when the glass is kept at the same temperattxre 
is called fixed or permanent stress. 

In addition to this phenomenon, there is'also the process known as an* 
mating, or plastic or viscous flow. When glass is heated so that it becomes 
soft and pl^tic, without losing its original shape, the stress gradually dis¬ 
appears if the temperature is kept constant, owing to the redistribution of 
the materia] of the glass. The rate at which it disappears, at a given tern* 
perature, depends in some way on the amount of stress present. Clerk- 
Maxwell (** On the Equilibrium of Elastic Solids,*' Trans, Roy, Soc, Edinburgh^ 
vol. XX, i) suggested that it might be directly proportional to the stress, 
ds 

^ 'Hiis equation, however, has been found not to agree very 

well with experiment; and as a result of careful experiments Messrs. Adams 
and Williamson (*’ The Annealing of Glass,'* Journal of the Franklin InstiitUe, 
vol. cxc., pp. 597"^3X and 835-70, 1920) suggest that a much better 

agreement is given by the equation — ~ oc s*. 

This result was obtained independently by Messrs. W. M. Hampton, B.So., 
and W. E. Ward, of the Glassworks of Chance Brothers & Co., Ltd., Smeth* 
wick, Birmingham, in 1920. 

Hence ^ 

at 

fives the rate at which stress disappear* 
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Thd quantity X depends only on the temperature of the glaas, not on i, 
and is found very approximately to double itself for every rise of xo* C« in 
temperature. 

9 

Thus X - const, x 2^, 

#-So 


2 ' W , 


where do is a constant, and depends on the type of glass. 

It should also be noticed that, since the stress relieved may be either 
tension or compression, the “ annealing equation " above should properly 
be written 


dt 


-Xs*. 


Such a form, however, is unsuitable for purposes of calculation, and in practice 
the process would have to be divided into two parts when r — o, i.e, where 
the stress changes sign. For the purposes of calculation the old equation, 
being self-adjusting in this respect, would have been much easier. 

The problem is now, given these two effects, to find the stress in the 
glass at any time during heating or cooling. In the ensuing equations the 
value of the stress at the centre alone is considered. 

For simplicity consider cooling only. 

Suppose that at the moment of cooling there is a stress Sa present in the 
glass, and that after cooling for time f, the glass has lost an amount s of 

stress. Let s, be the actual stress in the glass after time f, and ^ the rate of 

cooling (which is, of course, negative). 

Then the stress that would exist in the glass were there no original stress 

and no stress lost is c 

Hence the actual stress 

+ S* •- s. 


Again, co^sance has to be taken of the sign of s, the stress lost. For 
the sake of simplicity it may be supposed that s, renaains positive. (This 
is usually the case in practice.) 

iThus if ds, is the decrease in stress in a small additional time dt, then 








ds. 


ds is the stress lost by annealing in time dt. $t being the actual stress in 
the glass, stress is being lost by annealing in accordance with the equation 


ds' 
di * 


- X 


or dS| « — Xs,* di. 

This presupposes that St and B do not change ; but in time di they alter 
by first-order small quantities only. 

Hence the stress lost, ds, is equal to + ^sfdt to the first order. 

(jM 

■ thus ds, - — Xs,* dt. 

„ ds, d^d , 

.W 


This equation gives the stress at any time dutiag cooling when the 
nto ic kttown> 
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If S denotes the pmnanefU stress that would xemain in the glass if tt were 
kept at the temperature to which it is cooled after time f» then S is equal to 
the original stress together with that lost by plastic flow during cooling* 

Thus S - 5 a -f ..(ii) 

s is given by the equation obtained above* 

. • . • (iii) 

From these equations all the necessary calculations may be made. 

Equation (i) is Riccati’s equation, and cannot usually be solved in finite 
terms. It may be solved graphically for given numerical values by Runge*a 
method. There is, however, one case of great practical importance whm 
the equation may be solved—when 

(PS 

~dP “ 0 at b (a, b constants), 

the case of linear cooling. This case has been worked out in detail by Mr, 
W. M. Hampton, B.Sc. (whose work has been referred to above), who has 
obtained in large-scale annealing results which are the best that have been 
hitherto arrived at. 

Two methods of annealing can be derived from these considerations: 

I. The Old Method .—Anneal quickly (at a relatively high temperature) 
and cool slowly. In this way the temporary stress introduced by cooling, 

is small, and therefore little stress can be lost by plastic flow during 

cooling, to reappear as permanent stress when the glass is cold. 

II . Adams and Williamson*s Method .—Anneal slowly (at a relatively 
low temperature) and cool quickly. For as cooling takes place through 
temperatures at which annealing is very slow, very little pl^ic flow can 
occur. 

The deciding factor between these two methods is that of time. The 
preferable one of the two is that which, on the whole, takes the least time. 

The problem in the annealing of gla^ is this : Given a piece of glass with 
a certain stress Si (at the centre), to reduce tills stress to S|. The glass has 
first to be heated to a suitable annealing temperature. As is seen above, 
this should be chosen so that the total time taken over the process is a 
minimum. The stress 5 a to which Si must be reduced has then to be calcu* 
lated :. the time taken over this process will be given by the annealing equa¬ 
tion, In fact, if ^A is the time tal^n. 



The time taken over cooling at a given rate may then be calculated from 
equations (i), (ii), and (iii); and the whole time taken is then t^ -f /«. 

In calculating stresses, it must also be remembered that no stress must 
exceed a certain maximum, as otherwise the glass may fly." 


MXBTO&XCAXXrOTSSOirTKSASftATOrOOLB (D.Stooidak.BJL). 

It is improbable that any of the modem processes for assaying or purifying 
gold, such as those which involve the use of nitric acid, sulfuric add, or 
chlor^e gas, were known in undent times, yet it is certain that the Greeks 
and Romans knew both how to assay and how to purify bullion. 

A coin of Philip of Macedonia, for example, contained 997 parts of gold 
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per x,ooo, and it is most unlikely that there was any source of native gold 
of such fineness. 

Geber, who lived probably in the ninth century, is credited with the 
discovery of nitric acid, but sulphuric acid was known much earlier; yet 
it is unlikely that the latter was obtainable in any great quantity in those 
early times. It is believed that the modem process of parting " by nitric 
acid was discovered by the Venetians in the latter half of the fifteenth century. 
They had an island in the Adriatic which was most strictly guarded and from 
which they sent out such large stores of fine gold that the rumour spread abroad 
that the Philosopher's Stone had at last been discovered. However, Birin- 
guccio, in 1540, gave the secret away by publishing an account of the process. 

object of this paper is to suggest the probable methods by which gold 
was purified from silver in ancient times, and no very careful study of the 
reactions or of the exact conditions was made during the experiments. Many 
interesting instructions for bringing about this separation are to be found 
in old books, but these appear to be merely variations of two processes, the 
** Assay by Antimony ” and the “ Cementation Assay," in which the puri¬ 
fying agents are sulphur, in the form of antimony sulphide, and common salt 
respectively. 

Most of the information given in this paper was obtained from Percy's 
Mitailufgy (1880) and from the Assays of Metals (1683), a book translated 
from the German of Erckem, sometime Assay Master-General to the Empire 
of Germany, by Sir John Pettus, Deputy-Governor of the Mines Royal. 


The Assay by Antimony 

By " antimony " is meant, not the metal, but the sulphide, which is 
found as the mineral, stibnite. Stibnite is a substance with a low melting- 
point, and it can easily be purified from most foreign matter by liquation. 
The ancients very probably had large stores of this material at their command. 

Pettus speaks of the process as " an old invention," and describes it as 
follows: 

" Take one part of Gold and two parts of good clean Antimony, put 
it together in a Crucible, blow it, let it flow, and when well flown together, 
then pour it into a warm Cup made of Iron or Brass, and greased with Tallow 
or Wax, let the Antimony and the Gold cool in it, and then you must turn 
the Cup and dash it upon a stone, whereby the Antimony may go together 
with the Regulus, which have settled below and looks a gray-yellow colour, 
and may be easily beaten out." This must be done two or three times with 
fresh sulphide. Then the metal is to be heated in a current of air to drive 
ofi the antimony " so you have a very fine and high Gold." 

This method of assay was probably used in very early times. An account 
of it is to be found in the writings of Basil Valentine (fifteenth century). 
Ind^d, Valentine looked on antimony as the cure for all the ills. He used 
it to purify gold, man, and cattle. 

The directions given by Pettus were carried out in the laboratory. The 
alloys experimented with contained about 50 per cent, of gold, the remainder 
being silver, and one fusion with antimony sulphide raised the gold^'content 
to a^ut 70 per cent., two fusions to ateut go per cent. Undoubtedly 
comparatively pure gold can be obtained in this way, though the amount 
of gold lost during ime assay is large. Probably the percentage loss would 
have been very much smaller if the weight of alloy experimented with had 
been larger. 

Hie xesults of three typical experiments are given below, the first two 
results being obtained after one fusion, the third after two fusions with 
stibnite. The check analyses on the alloys were carried out in the ordinary 
way by parting with nitric acid. 
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Weight of Gold 
in Origiiuil 
AUoj. 


Weight of Bead 

after Stibnite 
Treatment. 


Weight of Gold 
lost. 

Percentage of 
Goldtoat. 

Grems. 


Grams. 


Grams. 


8*256 


11-854 

65-38 

.507 

6*14 

5*072 

48*81 

6-648 

69-5* 

•450 

8*86 

14*766 

49*33 

13*224 

88-13 

3 ‘Xi 6 

21*10 


The mechanism of the process seems to be as follows : 

The silver in the bullion reacts with the sulphur in the antimony sulphide 
to form silver sulphide« the silver so reacting being replaced in the alloy 
by metallic antimony; but the reaction does not proceed to completion. 
As silver seems to distribute itself in a definite ratio between the metallic 
layer and the regulus, many fusions are necessary before the gold becomes 
very pure, the regulus, of course, being removed after each fusion. 

The contents of the crucible settle into two layers, the gold-rich one, at 
the bottom, being easily separated from the sulphur-rich one at the top. 
The bead is easily cleaned, although it is rather brittle, and the antimony is 
removed from the gold by heating in a cupel in a furnace, the antimony being 
volatilised. * 

The loss of gold may be due to two causes. First, a little gold sulphide, 
which finds its way into the upper layer, may be formed. Then little droplets 
of gold, which do not run together and sink to the bottom, may be held up 
mechanically by the sulphides. Of course, gold and silver removed from the 
ingot in this way are easily recovered from the regulus. 

In some experiments the stibnite was replaced by galena, which possesses 
the disadvantage of a high melting-point. Af^in the silver in the bullion 
was displaced, but this time the bead was so brittle and adhered so firmlv to 
the regulus that a separation of the two layers was impossible. The galena 
freezes before the metals, and thus, as the alloy sticks to the upper layer, 
a cavity is formed in the bead as the temperature falls. A brittle, hoUow 
bead cannot be deaned. 


The Cementation Assay 

Though possibly the oldest process for assaying and purifying gold, it 
has only recently fallen into disuse, having been in operation in South America 
in 1833. A passage in Pliny (first century) evidently refers to this method, 
while Albertus Magnus (thirteenth century) and G. Agricola (I 494 -* 1555 ) 
give clear accounts of the procedure, which is described by Pettus as follows; 

** Rhenish Gold must be beaten thin and cut in little pieces, as broad as 
Crowns. Upon such beaten Gold, or Gold Gilders the Cementing is to be 
done thus, Take 16 Loths ^ of powder of an old dry Tile, then 8 Loths of 
Salt, and 4 Loths of white Vitriol, grind these ingredients aH together small, 
and moisten them with Urine or sharp Vinegar, like Copel Ashes, so is the 
Cement powder prepared." 

The gold is placed in a pot, each strip being covered by a layer of cement 
about a quarter of an inch deep, and the wlmle is heated in a furnace at a 
dull-red heat for twenty-four hours, being then allowed to cool in the furnace. 

" Then take it out and open it and wash the Cement Pdwder ofl with 
warm water, then the Gold will be found very near 23 Carats on the Content." 
If purer gold is required the process must be repeated, using a little saltpetre 
in the cement. 

The cement mixture used in the eaq)erim«nts in the laboratory consisted 
01 32 grams of a finely powdered tile, 16 grams of common salt, and 8 gnuns 

* A loth appears to be 4 drachms avoiniupena. 
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of crystallised sine sulphate, and the operations were carried out as described 
abovei experimenting with gold-silver alloys of widely different composition. 
When the alloy contains only 25 per cent, by weight of gold, the pure gold 
finally obtained is in the form of a very thin leaf, which is difficult to handle. 

The results given below show that gold of over 23 carats was in every case 
obtained, and this after only one cementation, while, by making a small 
correction, by using a check, it was possible to estimate the gold in the original 
alloy quite accurately. With practice, and by careful adjustment of the 
temperature at which cementation is carried out, it is probable that more 
exact results could be obtained. 


Watehtof 

Alloy. 

Weight after 
CetneDtation. 

Weight of 
Gold after 
Cementation. 

Weight of 
Gold in 
Alloy by 
Calculation. 

grams. 

grams. 

grams. 

grams. 

•5055 

■4980 

•4962 

— 

•9974 

•5000 

•4959 

•5076 

1*5052 

■4982 

•4939 

•5057 

2*0038 

•4952 

•4871 

•5027 


W'eight of 
Goldin 
Alloy by 
Synthesis. 

Error. 

Percentage 
of Gold 
Initially. 

Peroentage 
of Gold 
Finally. 

grams. 

•5055 

grams. 

1 

100*00 

99-65 

•5026 

4* *0050 

50-38 

99 -i 8 

•.5045 

>f -0012 

33-48 

99-10 

•5046 

— *0019 

1 

24-75 

98-35 


The chemistry of the process is very complex and difficult to understand. 
A simple explanation is that the sodium chloride reacts with the rinc sulphate 
to give zinc chloride. This reacts with the alloy, giving silver chloride, which 
passes away through the pores in the tile powder, the zinc which is formed 
being oxidised and the oxide volatilised. Examination of a partially cemented 
alloy shows that the cement is attacking it by intercrystalline penetration, and 
the purified gold is very porous, so porous that water can pass through it 
easily. The effect of the cement is to remove every baser metal present, 
leaving the gold behind as a sort of network. 

In the absence of air, common salt will not attack silver, but in the presence 
of air, molten common salt will easily dissolve that metal. Possibly the iron 
in tte tile is essential if the reaction is to proceed, but, more probably, the 
sole'^pait the powder plays is to remove the silver chloride from the alloy 
mechanically as it is formed. 

Some experiments were tried under exactly the same conditions, the zinc 
sulphate being replaced by ferrous sulphate. The results obtained were 
not nearly so good ; a 50 per cent, gold alloy, for example, after treatment, 
had only lost about one-third of its silver. 
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The Effect o! Storminest upon the Temperature in Circumpolar Begioni in 
Winter. By E. V. Newnham. B.Sc.. being a review of: (Shnatio 
ChaagM: their Nature and Causes. By Ellsworth Huntington 
AND Stephen Sargent Visher. [Pp. xiii + 329.] (London : Oxford 
University Press, 1922. Price 17s. 6d. net.) 

This book deals primarily with the changes of climate that are believed to 
have taken place over the earth during the period of many million years 
corresponding with the deposition of the sedimentary rocks. The principal 
evidence for such changes is furnished by the distribution of the fossilised 
remains of animals and plants, by indications of glacial action upon the 
various rocks, and other geolo^cal considerations : for the relatively small 
portion of this time during which the human race is known to have existed 
there is some additional evidence afforded by the distribution of the more 
populous cities and the nature of their engineering works. Mr. Huntington's 
name is associated with yet another source of information, namely the varia* 
tions of thickness of the growth-rings of certain trees, which variations are 
dependent to a large extent upon the amount of rain which falls at certain 
seasons; the period about which information is given is in this case the 
comparatively brief one of rather over three thousand years. The scope 
of the problems attacked is so ^eat that the authors found it necessary to 
obtain the assistance of specialists in the many subjects involved. Most of 
those who assisted in the work belong to Yale University, but the names 
of several others are mentioned, in particular that of Prof. T. C. Chamberlin, 
of Chicago. Their combined efforts have resulted in a work of general 
interest which not only summarises much recent work in geology and 
astronomy, but is helpful in indicating possible new lines of research. 

To most meteorologists Chapters IV, VII, and VIII, which deal with the 
authors' so-called " solar cyclonic " hypothesis of the origin of the glacial 
periods and historical " pulsations " of climate, will be found the most 
interesting. 

The full argument in support of this hypothesis is to be published later 
in a companion volume to the present one, entitled Earih and Sun. Thii 
arr^gement is not altogether a happy one from the TOint of view of the 
reviewer, as it makes criticism of tl^ main thesis dimcult. NevertheleM, 
such criticism may be attempted in the hope that dlMculties and objections 
(possibly not foreseen by the authors), if made now, may be cleared up in 
the final work. A few extracts from the book will indicate the main ontunes 
of the solar cyclonic hypothesis. 

After referring to Koppen's discovery of the paradox that when sunspots 
are most numerous, i.e. when, according to Abbot, the sun emits most energy, 
the earth's surface is on the average about 1® F. colder than at times of tow 
spoto, the authors continue (p. 53) as follows; 

"Another large group of investigators have shown that atmospheric 
pressure also varies In harmony with the number of sunspots. Some parti 
of the earth's surface have one kind of variation at times of many sunspots* 
and other parts the reverse. These differences are systematic and depend 



ESSAY-REVIEW 481 

laffely upon whettior the region in question happens to have high atmo* 
spheric pressure or low. The net result is that when sunspots are numerous 
the earth's storminess increases and the atmosphere is thrown into commotion. 
This interferes with the stable planetary winds, such as the trades of low 
latitudes and the prevailing westerlies of higher latitudes. Instead of these 
regular winds and the fair weather which they bring, there is a tendency 
toward frequent tropical hurricanes in the lower latitudes, and toward more 
frequent and severe storms of the ordinary tyTO in the latitudes where the 
world's most progressive nations now live. With the change in storminess 
there usually goes a change in rainfall. Not all parts of the world, however, 
have increased stormincss and more abundant rainfall when sunspots are 
numerous. Some parts change in the opposite way. Thus when the sun's 
atmosphere is particularly disturbed, the contrasts between different parts 
of the earth’s surface are increased." Again (p. 57): " One of the most 
interesting results of recent investigations is the evidence that sunspot cycles 
on a small scale present almost the same phenomena as do historic pulsations 
and glacial fluctuations. For instance, when sunspots are numerous, stormi* 
ness increases markedly in a belt near the northern border of the area of 
greatest storminess, that is, in Southern Canada and thence across the Atlantic 
to the North Sea and Scandinavia." (Diagrams are given illustrating this 
point.) " Corresponding with this is the fact that the evidence as to climatic 
pulsations in historic times indicates that regions along this path—for instance 
Greenland, the North Sea region, and Southern Scandinavia—were visited 
by specially frequent and severe storms at the climax of each pulsation. 
Moreover, the greatest accumulations of ice in the glacial period * were on the 
poleward border of the general regions where now the storms appear to increase 
most at times of solar activity. Even more clear is the evidence from ot^r 
regions where storms increase at times of many sunspots. One such region 
includes the south-western United States, while another is the Mediterranean 
region and the semi-arid or desert parts of Asia farther east. In these regions 
innumerable ruins and other lines of evidence show that at the climax of 
each climatic pulsation there was more storminess and rainfall than at present. 

S it as there now is when the sun is most active. In still earlier times, when 
was accumulating farther north, the basins of these semi-arid regions 
were filled with lakes whose strands still remain to tell the tale of much* 
increased rainfall and presumable stormincss. . . . From these and many 
other lines of evidence it seems probable that historic pulsations and glacial 
fluctuations are nothing more than sunspot cycles on a large scale." 

From the foregoing it will be seen that according to the solar cyclonic 
theory there were long periods during which the sun was hotter than It is 
now. and that cyclonic storms were more intense at these times, and the mean 
temperature of the earth's surface lower. This lowering of temperature, 
larger than that which occurs at sunspot maxima, accompanied by increased 
precipitation, which in countries like Greenland and Scandinavia would be 
m the form of snow during most of the year, resulted in extensive accumula¬ 
tions of ice that easily survived the stormy summers, with their scanty 
sunshine. 

No doubt the evidence that the greatest glaciation occurred just north 
of the areas which now receive most precipitation at times of many sunspots 
will be given very fully in Emih and Sun, One may observe, however, 
that the correlation ooemcients found by Walker * between sunspot numbers 
and rainfall are generally small and often of opposite sign at places not very 
tut apart, and the impossibility of satisfactorily forecasting rainfall from 
hklmnnation about the state of t^ sun at tl^ present time most tend to cause 

^ The lelprence hare is evidently to the Pleistocene period. 

* "Gox^ktion of Sunspots with RainfaU. Temperature# and Pressure/' 
Mmt. Iftdkm Makar. Dapartmani, vol. xxl. Farts xo. xr. xs. X9X5. 
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scepticisiii as to the reality of many of the connections claimed* In ihe 
present volume the assumption is m^e that during glacial periods the pre^ 
vailing westerly winds of temperate latitudes not c^y exists, but were on 
the average far stronger thsm they are to-day. It is suggested* further* 
that this resulted in liUs well-developed warm poleward ocean currents of 
the t3rpe of the Atlantic Drift and Japanese Current in the Northern Hemi¬ 
sphere—surface currents arising from the prevalenoe of south-westerly winds 
between areas of sub-permanent high and low pressure—and that additional 
lowering of the temperature in middle and high latitudes resulted. To 
justify this rather surprising conclusion, it is further assumed that when the 
sub-permanent low-pressure systems such as the Icelandic *' low " are strongly 
developed (s.g. at sunspot maxima), greater fluctuations of wind-direction 
occur, which prevent much general movement of the water. This last 
assumption might well be tested by what takes place at the present time. 
The experience of those accustomed to deal with S3moptic weather charts 
for the North Atlantic would probably be found to lead them to adopt an 
exactly opposite view. To such it is a familiar fact that one of the most 
persistent types of pressure distribution is that in which the Azores anti¬ 
cyclone and Icelandic “ low ** are well developed, causing unusually strong 
westerly winds of long duration and mild weather^in winter on the Atlantic 
seaboard of Europe and usually also over a large part of north-west Europe. 
It is when these centres of action are feebly developed that the complicated 
distributions of pressure occur, giving rise to frequent fluctuations of wind. 
Severe frosts are then common in Europe, and it is difficult to believe that the 
Atlantic Drift is better developed than at other times. 

An illustration of the temperature changes brought about by increased 
storminess is furnished by a comparison between the temperatures recorded 
at certain stations just south of the Arctic Circle during the unusually stormy 
February of 1903 with those recorded in February of 1901 and 1902, both 
relatively quiet months over the North Atlantic. These months were 
selected because of the unusual contrast in the number of deep cyclones 
observed. Examination of the TdgHche Synoptische Wetterkarten of the 
DetUschen Seewarie showed that in the first-mentioned month 41 storms 
with readings below 980 millibars visited the North Atlantic* while for 
February 1901 and 1902 the numbers were 18 and 21 respectively. One may 
search through the data for many years without finding storminess greater than 
in February X903. Not only was the total number of storms great* but 
for actual intensity a cyclone centred near Iceland on the 24th, which attained 
to the rare depth of 927 millibars, must be nearly, if not quite* unprecedented# 
while another on the i^h had nearly as low a pressure at the centre. During 
such a month the authors of this b^k would presumably expect a tempera¬ 
ture well below the normal in a country like ^ndinavia* where the uwter 
is tempered by warm ocean currents from lower latitudes—currents 
alleged to be weak at such times. The figures show* however* a reverse 
effect: 


MEAN MAXIMUM AND MINIMUM TEMPERATURES AT HAPARANPA 
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Without exception maxima and minima alike are notably higher, instead of 
lower, during the stormy period. At Godthaab (West Greenland) the mean 
temperature at 8 am. was + 10® F. for the stormy year, but + 27® F. 
for the quiet years, a reverse effect due, no doubt, to the greater frequency 
of strong winds from the pole on the American side of the Icelandic “ low 
when this system is well developed ; at Kioge Bay (East Greenland) there 
was no significant difference between the two means. One can detect In 
the figures for Godthaab a suggestion that increased storminess may actually 
mean lower temperatures in winter over a part of North America, but this 
effect is not a general one, nor is it safe to assume either a greater or a less 
transference of heat from equator to pole to result from an increase of stormi¬ 
ness in temperate latitudes, without a thorough investigation. 

Perhaps the greatest dif&culty of all in the way of accepting the solar 
cyclonic riiieory of the origin of the glacial periods—^this particular argument 
does not, of course, apply to the more recent climatic “ pulsations —is 
caused by the uncertainty among geologists as to the approximate distribu¬ 
tion of the continents of those days, and of their elevation. Even if a hotter 
sun would actually to-day cause deeper cyclones over the region which is 
now the northern part of the North Atlantic, it is not safe to conclude that 
it would have had the same effect during the Pleistocene, still less can we 
conclude that it would have had such an effect at earlier periods ; for without 
sure knowledge of the distribution of land and water in those days, one cannot 
tell even whether this area was then one of nearly permanent low pressure, 
as it is to-day. In conclusion, one is tempted to reserve judgment upon the 
question of the climatic pulsations of historic times. The suggestion that 
these modifications are due to changes in the sun reacting upon the ** centres 
of action appears to be a valuable one, and worthy of still further investiga¬ 
tion. Before the more difficult subject of the glacial periods can be mastered, 
it will be necessary for the geologists to settle their disputes and provide the 
meteorologist with more solid ground of established fact. Until such time 
it seems useless to pile supposition upon supposition in the hope of building 
up a sound theory that can hope to survive the fresh discoveries of even a 
few generations. 
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Xho Air and Its WtfS. By Sir Napier Shaw, Sc.D.« F.R.S* [Pp. xix-h 
237i with loo figures.] (Cambridge : at the University Press, I9a3, 
Rdce 305. net.) 

In this book Sir Napier Shaw has collected a number of his essays, written 
for the most part during recent years. Although the range of subjects is 
considerable, the work is not the complete textbook of meteorology that 
might perhaps have been expected from the title and from the high price 
of the publication. It is to hoped that the author will some day publish 
such a textbook, a volume wliich will include the substance of Forecasting 
Weather, and in an abbreviated form the contents of the Manual of Meteoro¬ 
logy, together with certain portions of the present work. 

This book includes chapters on the teaching of meteorology in schools, 
on units of measurement, the organisation of the Meteorological Office, 
and essays dealing with the application of meteorology to agriculture. The 
portion of the book which is likely to be of the greatest interest to advanced 
students of meteorology includes Sections 7 to 9. entitled The Cyclonic 
Depressions of Middle latitudes,** The Structure of the Atmosphere up 
to Twenty Kilometres,** and the Rede Lecture on ** The Air and its Ways." 
To appreciate these sections, it is absolutely necessary for the reader to have 
a general knowledge of certain branches of physics, in particular of thermo** 
dynamics. In the first of these essays the author discusses the suggestion 
of Prof. V. Bjerknes that the cyclones of temperate latitudes are phenomena 
analogous to wave motion on a line of discontinuity between cold polar 
and warm equatorial air. He suggests as ah alternative cause the rotation 
set up by local convection. The adoption of such a view appears at first 
sight to be merely a return to the theory widely accepted thirty years ago» 
which supposed cyclones to be regions of continually ascending warm air, 
the low pressure being due to the low density of the warm air—theory 
discredited by the discovery that at considerable heights the cyclone is 
normally colder than its surroundings. He suggests, however, that the 
statement of the convectional theory has in the past been incomplete, owing 
to lack of recognition of a phenomenon which may be termed ** eviction.^ 
When warm air rises convectionally there is reason to believe that ed<!^ 
are set up between it and its environment, so that some of the surrounding 
air is dragged awards. This air may removed by suitable winds at 
great heights. iW scouring action is termed ** eviction." Air approaching 
the core of low pressure formed in this way will acquire rotation due to the 
deflection caused by the earth’s spin, and ultimately the central column 
will become cold on account of the expansion of the inward-flowing air. 
The inertia of the revolving air is assumed to be sufficient to mai n tain tho 
system for a long period after the convection which originated it has ceased, 
In>.a subsection the author meets certain objections to this theory. An 
apparatus is described which is claimed to imitate atmospheric conditions 
on a small scale, and in which a miniature cyclonic disturbs^ is apparently 
caused by eviction. 

4^4 
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In '* The Structure of the Atmosphere up to Twenty Kilometres some 
useful diagrams are given which make it possible to study the thermo* 
dwamics of the general interchange of air between equatorial regions and 
high latitudes. In The Air and its Ways the idea of regarding the pro* 
cess as the working of a heat engine is developed, and it is stown that, 
if moist air rises at the Equator to the tropopause and passes to temperate 
latitudes while remaining at the tropopause, subsequently descending 
gradually to the level of the sea and returning Equatorwards as part of the 
trade-winds, this air passes through a cycle in which one-quarter of the 
heat taken in near the surface is converted into work (work spent in main* 
taining the motion against opposing frictional forces), the remainder being 
delivered up to the stratosphere, which pla3rs the p^ of the refrigerator 
in the atmospheric engine. 

Reference has been made earlier in this review to the high price of The 
Air and its Ways, In conclusion it should be said that the justification 
for this becomes more and more apparent the more closely the work 
is studied* Although the text amounts to only a trifle over two hundred 
pages, an immense amount of useful information is compressed into these 
pages and into the hundred illustrative diagrams. Some of these diagrams 
represent years of work and are almost indispensable to serious students of 
meteorology. 

E. V. Nswmham. 

■edioal OUmatology of England and Wales. By Edgar Hawkins. M.A. 
M.D. [Pp. xiv + 302, with 14^ charts.] (London: H. K. Lewis, 
1923. Price 255. net.) 

This book is designed to help doctors in the choice of places with suitable 
climates to which to send their patients. The climatic features of a large 
numbm: of centres of population and health-resorts are set out diagrammati* 
cally for each month. These diagrams are supplemented by brief verbal 
descriptions, not only of the climate, but of the nature of t^ subsoil, the 
exposure of the town to winds of diflerent direction, and the suitability cd the 
pl^ for various complaints. 

The general arrangement of the book seems to be quite satisfactory and 
it should prove of great value to medical men. who can scarcely be expected 
to know, for instance, whether a place reputed to be cool and bradng has 
these qualities at all times of the year. The method of setting out the 
climatological data, however, is unscientific, and it appears doubtful whether 
there is sufficient practical advantage to justify the method. The method can 
be illustrated by a concrete example. From the diagram for Newquay 
we learn that the mean temperature there in November is on the average 
8 per cent, above the normal for England and W^es as a whole, t.s. the 
numerical value of this mean is obtai^ by increasing the numerical value 

the general normal by 8 per cent. Similarly the mean rainfall is 
quoted as 56 per cent, in excess of the general normal for that month. The 
natural conclusion to be drawn from these figures would be that Newquay 
in t^t month is not remarkable for mildness, but is, on the other hand, an 
extraordinarily wet place. The truth or otherwise of this conclusion could 
te tested only by examining diagrams for other parts of England and Wales. 
tffin being the case, the deviations from some standard *~nonnal might 
Just as well have been given in degrees of temperature and inches of rainfall, 
ete.; the actual individual normals even might have been employed. It 
kliOcM be noted, however, that the practical drawbacks of the ayium would 
ts^ to disappm with continued use of the book, as it woidd soon be 
dlSGOWWed that the significance of a certain penentnge departure from the 
n o r m al varies according to the element u nde r 

a. V. N. 
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Praotloal Heat. By Terrell Croft, M.A.I.£.£.> M.A.S.M.£., MJ.E.S. 
[Pp. ix + 713, with 631 illustrations,] (London : McGraw*Hill Pub¬ 
lishing Co., 1923* Price 25s. net.) 

In a book intended for those of limited mathematical knowledge, it is essential 
that all explanations should be simple. The author in his PracHcal Heat 
has given us a clear insight into the fundamental principles of heat as applied 
to engineering practice, particularly suitable for the non-technical student, 
for whom we believe the text is really intended. The copious and clear 
illustrations add not a little to the value of the work. 

Some of the explanations, especially that on entropy, should appeal to 
many technical readers, to whom the usual definitions often convey so little 
meaning. 

Throughout the text is given a series of equations from which various 
computations may be made; these, unfortunately, are not generally developed. 
Neither are their uses thoroughly discussed. One does not learn, for instance, 
on reading the chapter on combustion, how difficult it is to obtain an accurate 
analysis of a flue gas, or how to test whether the analysis found is feasible or 
not. 

Bare formulae as given may be sufficient for,the non-technical engineer 
when dealing with the elementary portions of heat, but if applied to an 
engineering problem, without a knowledge of the practical limitotions, will 
inevitably give quite valueless results. 

LI. £• 


Blements of OUuuhblowing. By H. P. Waran, M.A., D.Sc., Ph.D., F.Inst.P. 

[Pp. X + 116, with 40 figures.] (London: G. Bell & Sons, 1923. 

Price 25 . 4d. net.) 

Glass manipulation plays so large a part in the work of a modem research 
laboratory that a book containing an adequate description of present-day 
technique is assured of a hearty welcome. The author of this book has 
exceptional qualifications for its preparation, for, in addition to his own very 
considerable personal experience, he has had the opportunity of observing the 
methods used at the Cavendish Laboratory ^nd in the glass-working shops 
at Leyden University. Perusal of any of the processes which are desoibed 
shows that, combined with this thorough knowledge of the subject, is the 
ability to explain to others precisely how the work should be done. The 
subject is considered under six heads—Cutting, Bending, Jcnxiing, Bulb^ 
blowing, £nclosed Work, and Spinning. No information at all is given 
concerning the selection or the testing of difierent kinds of glass, the working 
of lead glass, and the treatment of old glass. 

The production of neat and reliable apparatus of the most complicated 
character is largely a matter of certainty and precision in the thr^ simple 
operations of bending, joining, and bulb-blowing. Of these three prooesaee 
the last two are treated in great detail, and the complete novice will find hia 
exact pr^edme carefully described and marked out with warnings of Do 
and Don't. The more difficult operation of bending is dismissed in a very 
summary fashion, and it is to be hoped that this d^ect will be remedied in 
the next edition. The chapter on enclosed work contains a long and careful 
description of the fitting of electrodes into vacuum vessels, and al^ deals wi^ 
the construction of double-jacketed condensers and of X^war flasks of 
various forms. The construction of ground joints and stop-cocks is discussed 
to the ctepter on Spinning, together with work of the thistle-iminel type. 
The final chapter^ intended rather for the interest of the reader than m 
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jpTftetical mppUcatioii, describes the commoner methods used in the mean* 
lectttie of glass tubing, thermometers, flasks, etc. 

The book is well illustrated, the price most moderate, and the type used 
lor printing gives its pages a most pleasing appearance. 

D. O. W. 

AAvaaoed Praottoal Phsndos for Studanta, By B. L. Worsnop, B.Sc., and 
H. T. Flint, M.Sc., Ph.D. [Pp. vii + 640, with 9 plates and 394 
figures.] (London : Methuen A Q)., 1923. Price 215. net.) 

Ths course of Practical Physics described in this book is based on the manu* 
scri^ instruction papers used in the advanced physics laboratory at i^g's 
G>liege, London. It contains an account of almost all the usual routine 
experiments, together with a few others which have not yet come into 
common use. It is up-to<date, and is certain to be well appreciated by 
students and teachers concerned with pass or honours courses. This 
appreciation will, however, be qualified by the opinions which users hold on 
three particular points : namely, the amount of theoretical work which should 
be included in a practical textl^k ; the extent to which it should anticipate 
inevitable experimental difficulties; and the degree to which it should 
encourage the student to be critical of his experimental methods and of his 
results. The first of these three points is also intimately connected with the 
sise and cost of the book—matters of considerable importance to the average 
student of physics. 

The authors have considered it desirable to go very fully into the mathe* 
matical theory of the experiments which they descri^; probably as much 
as a quarter of the whole book is occupied in this way. It opens with an 
introduction of thirty pages devoted to an elementary exposition of the 
calculus, and contains in later pages the working of the formulae for such 
items as the bending of beams, the flow of liquids and gases through tubes, the 
Fabry and Perot interferometer, and of the numerous methods used for the 
comparison of inductances. For the most part the student will find these 
things in his theoretical textbooks ; repetition in the practical book increases 
its cost and decreases its portability—a no less serious matter. 

The extent to which the textbook should help the student over his 
difficulties is not easy to decide. On the whole the authors may be said to 
have struck the happy mean : the only notable exception which the reviewer 

has noted is in the description of the experiment to determine ^ and v for 

fW 

tile cathode rays where no mention is made of the need for covering the 
Braun tube with weU-«arthed tinfoil. The absence of any critical discussiem 
of many of the experiments is, however, a serious defect. To take a few 
eSEamides at random. Jaeger’s method and Sentis* method for surface 
are described without any suggestion of their inherent inaccuracy; so is 
an exporiment designed to determine the variation of the viscosity of water 
vitii temperature. The specimen data given on p. i66 relating to the time* 
p«tk>d of an oscillating <usc obviously need comment, and in the biprism 
oxperimant it is takm entirely as a matter of course that the two virtual 
iauim cf the slit should lie in plane of the slit. 

Am^ the many excellent features the chapter devoted to ammeten, 
voltnetans. and galvanometers deserves special mention, and also some of ths 
non novel ea^riments, «.g. Plating's method for the determination of the 
sa^atiogk constant, S. W. J. Smith s experiment on tbs variation of ths 
t^dual magnetism of a carbon-stesl rod with temperature, the wire 

eaperiteent, and an application of Newton's rings to the determination of the 
chaiige hi length of an iron bar on magnetisatiim. The ^vions 
•li tK^vvary numerons, but certain of them are rather anrpminf. 
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There is no reference to any modification of Rankine's method for the viscosity 
of gases, to the use of the phonic wheel for the frequency of a tuning-tok 
or to Carey Foster's method for the determination of mutual inductance in 
terms of resistance and capacity. There is also no reference to any of the 
practical arts such as soldering or glass-blowing, and the section on radio¬ 
activity is inadequate* 

There can be no doubt that a second edition of the book will be necessary 
at an early date, when it may be hoped that some of these omissions may 
be rectified. At the same time the plates, which serve no useful purpm, 
might be left out along with much of the quite commonplace mathematical 
theory, so as to reduce the size and cost, which, after all, are the most serious 
defects* 

D. O. W. 

OHSMX8T&T 

Alecdiolio Fermentation* By Arthur Harden, Ph.D., D.Sc., F.R.S. fifotio- 
graphs on Biochemistry, Third Edition. [Pp. iv -f 194.] (London : 
Longmans, Green & Co., 1923. Price 65. 6d. net.) 

While the main headings in the present edition are the same as in the pre¬ 
vious one, there has been some rearrangement and a new chapter has Imn 
added on the reducing enzyme of yeast; in this chapter the author gives 
a r6sum6 of the more modem views on the mechanism of reduction and ali^ 
a brief reference to glutathione. The function of the reducing enzyme is 
discussed more fully in the chapter on the chemical changes involved in 
fermentation, where also will be found an account of the three forms of 
fermentation described by Neuberg. The chapter on the action of inhibiting 
and accelerating agefats l&as been considerably extended and includes much 
of the author's own more recent work on this subject. The increased amount 
of attention which has been devoted to the subject of alcoholic fermentation 
within the last few years is reflected in the growth in the size of the list of 
references, which now extends over thirty-one pages as against eighteen in 
the last edition. 

P* H. 

A Treatise on Chemistry. By Sir H. £. Roscoe, F.R.S., and C. ScHORLSit- 
MER, F.R.S. Vol. 11—The Metals. Sixth Edition, revised by B. 
Mouat Jones, M.A., and Others. JPt. 1, pp. xvi -f 830; Pt. Il, 
pp. viii -f-831-1566.] (London: Macmillan A Co., 1923* Pri|oe 
50S. net.) 

The first edition of this classical treatise on Chemistry was issued in 
1878 as an attempt to provide a suitable textbook for students at secondary 
schools and universities, as at that date a satisfactory work of the type 
required was practically non-existent. 

The original edition was at once successful, and has indeed served sa 
the prototype for most subsequent textbooks. Through no fault of Schor* 
lemmer's, t^ volume on organic chemistxy failed to find the same welcome 
as the two inorganic volumes ; this, indeecl, was due to the singular apathy 
shown towards organic chemistry in this country in the past, with the 
disastrous results seen during the war, with its famine in dyes, drugs, and 
explosives. The inorganic volumes have, however, become the standard 
textbooks in many schools and colleges for several decades and have passed 
through five editions, the present one being the sixth. 

Principal Mouat Jones has been fortunate in having had the assistance 
of several distinguished colleagues in the laborious work of revision. The 
introductory chapter on valency, the classification of the elements, atomic 
numbers, isotopes, atomic structure, and spectrum analysis has berni xe« 
vised by Mr* L. J* Hudleston, and Mr, T, V. Barker has again dealt w^h 
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Utm i«6tkdti on cry»tallQgrftp]&y« Groups I and 11 have been brou^ up 
todate by Prof. H. V. A. Briscoe ; Alkau Idanufacture by Ptcrf. J* R. PurtlAg* 
ton: Groups III and V by Dr. H.' P. V. Little ; the Rare E^hs and the 
Titmdum Group by Frol. J. F. Spencer ; Group VI by Mr. A. A. Eldridge ; 
the Germanium Group and Manganese by Mr. C. R. Bury; Group Vlll 
by Dr. O. R. Howell; while Prof. C. O. ^nnister has once more revised 
the metallurgical portions, and Dr. Makower the section on the Radio¬ 
active Elements. For the purpose only of convenience in handling and 
binding, the book has been divided into two parts, the pagination being 
continuous. Whilst the outstanding results of the New Chemistry 
and the ** New Physics ** have been referred to and are well sum¬ 
marised, it has been felt that anything like a complete account of the 
new theories would be out of place, so that, although the work is 
thoroughly up-to-date, the general style and character of the book 
have &en maintained. 

On the whole the balance is well preserved, though in one or two places 
one feele that a relatively unimportant point has been stressed whilst leaving 
others somewhat neglected; thus over a page is devoted to the sodium 
bronzes, an interesting but not very important subject, whilst the chromium- 
steel alloys, which form the basis of the highly important “ rustless ** steels, 
have to be contented with two or three lines. Mention, again, might be 
made of the uses of magnalium for airship construction, whilst the use of 
calcium carbide for the large-scale manufacture of alcohol, acetic acid, 
and acetone might be noted. 

There can be no question, however, that in their present form the volumes 
are thoroughly readable and up-to-date and, to say no more, fully maintain 
the tradition and high standard of the earlier editions. It is perhaps almost 
superfluous to add that the contributions of printer and publisher are fully 
adequate, the printing and arrangement being excellent in every way. 

F. A. Mason. 


flMMiodnuuBdos and the Free Energy of Chemical Substances. By Gilbbri 
Newton Lewis and Merle Randall. [Pp. xxiii + 653.] (London: 
McGraw-Hill Publishing Co., 1923. Price 25s. net.) 

This book will arouse a wider interest and will appeal to a much larger audience 
than is customary amongst treatises on thermodynamics. To the student 
of thermodynamics it presents the subject from a new aspect, which will 
wen repay a critical study. To the chemist with his interest in the funda* 
mental problems of qhemical reaction it marks an important step in the 
development of chemical theory, an advance which is worthy of comparison 
with iim contributions of Helmholtz and van't Hofi during the last century. 
However, it is in its practical aspects that its influence will be most weighty* 
lor Prof. Lewis and his collaborators have develop^ an instrument of 
zeseezch which will render possible a fuller utilisation of the accumu* 
lation of physical and chemical data in the manifold operations of Industrial 
Ohemittry. 

Essentially a book on chemical thermod3mamic8, the conventions employed 
Imve hem &fined solely with to convenience in calculating the 

free energy di chemical reactions. T^te conventions, which make use d the 
ctoobptims of partial molar quantities, fugacities, and activities of 
<9miBifeal systems, are cleaxly defined in the intr^uction, and are iUuatrated 
nufneroua examples. The latter would, however, have been more useful 
had the answers been given. Although the new notation is consistently used 
the book, it is felt that the authors are soaroely justified in 
fru^frigiiuch radical changes as that of naming the thesinodynaiidc potent!^ 
vikt « The term "free energy*^ was defined by Helmbffits 

32 
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as the total external work done in a reversible process, whereiM Lewis 

g ves as a definition of " free energy the equation F ■■ E W - t 9 
. Z55), The latter function (Sackur, p. X74) is normally called the tberx^ 
dynamic potential. Such changes merely add to the already ex is t ing 
confusion. 

The importance of the authors* treatment of the processes occurring in 
solution cannot be over-eiMhasised. Values are given for the partial molar 
quantities, the activity coemcients of electrolytes which are directly available 
for the calculation of the free energy of these processes. The con^ption 
of activity coefficient is much too abstract for its employment in teaching the 
rudiments of physical chemistry, and one feels regret that the simpler 
conceptions, based on the kinetic theory, are being ousted by conceptions that 
have little or no physical basis. The physical causes underlying the 
breakdown of the simple relationships discovered by Raoult, Arrhenius, and 
van*t Hofi are known qualitatively, and a discussion of the problem of activity 
from this aspect would make the transition from the old to the new much 
easier. 

The book is remarkably free from errors,and much care has been exercised 
in its preparation. The equations are not only numbered, but the chapters 
in which they occur are given, and this facilitates reference. Convenient 
summaries are given, and the condensed summary of thermodynamic for* 
muke (p. 164) is especially useful. By the employment of graphical methods 
many laborious calculations are avoided, and the adoption of these 
methods gives the book a value for readers with an elementary knowledge of 
mathematics. 

The third law of thermodynamics is developed on the basis of the con* 
vention that the entropy of a pure crystalline substance is zero, and the 
authors have given a ** concreteness ** to the entropy concept which should 
render possible its more frequent employment in chemistry. 

W. E. G. 


The Phase Bole and its Applloations. By Prop. Alexander Findlay^ 
[Pp. xvi -f 298, with 158 illustrations.] (London: Loni^naiai, 
Green & Co., 1923. Price los. 6d. net.) 

That Prof. Findlay's book on the phase rule has now reached its.fifth edition 
is sufficient evidence of its popularity and usefulness. Within the scope 
of 298 pages the author has compressed a vast amount of useful information 
in a very readable form. Perhaps compression has been carried too far in 
some instances, as, for example, in the explanation of J&necke's gra{ffiical 
methods on pp. 255*-6, where insufficient detail is given to enable the 
student to derive the composition of a four-component system from 
fig. 138. Parts of the book have been rewritten, especially those relating 
to the diagrams of sulphur and phosphorus. Although the p8eudo*binitiry 
nature of these 83r8tems is discussed, the author has very wisely omitted 
the complex diagrams of Smits on these elements. The iron carbon dia** 
gram has been modified in accordance with the recent work of Ruer and 
Goerens on the equilibrium relations of b ferrite. The importance wiikb 
the phase rule has assumed in mineralogy has been recognised W the 
inclusion of a section on the thermal studies of minerals, in whicn the 
mtem CaO, SiQi, AltO, is examined in detail. The generalisarion 0* 
Oswald's, p. 60, can hardly be dignified by the title ** the law of sticoesriYS 
reactions," for this is very frequently contradicted by exceptions, nnd tt 
is surely incorrect to say that ** it explains the formation of xm^b^tablt 
forms of monotropic substances." 

The additional matter included in the new edition is very wekbme, smd tilt 
textbook is still the best elementary treatment of the phase rule in 
language. W. E, ©• 
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ChMmmplioIogsr ot Mew Zealand. Part I—Systematic. An Introduction 
to the Study of Land-forms. By C. A. Cotton, D.Sc., F.N.Z.Inst., 
F.G.S. [Pp. X -h 462, with 442 figures.] (Wellington, N.Z., Dominion 
Museum, 1922. New Zealand Board of Science and Art, Manual 
No, 3. Price 22s. 6d., cloth-bound.) 

The main title of this book tends to obscure the fact that it is the finest 
general introduction to the science of geomorphology that has yet been 
written. Fortunate indeed are the geographers and geologists of New 
Zealand in having this book written to meet their special needs. Not¬ 
withstanding the fact that the great majority of the examples and illus¬ 
trations are drawn from New Zealand, the geomorphologists of the world 
will find the book absolutely relevant, and its principles easily applied to 
the special conditions of their own lands. Prof. Cotton has, of course, 
absorbed much from the great master of the science, Prof. W. M. Davis, 
of Harvard, who has so l^ppily wedded geography and geology in the 
study of land-forms: but he has added to the discussion many of his own 
original ideas. 

The book begins with the study of the normal cycle of erosion and the 
land-forms which are successively developed under the continued influence 
of rain and rivers. The forms associated with faults, and with accumulations 
of waste, are then discussed. In connection with the former the fine ** block- 
mountain " features of New Zealand are described. From Chapter XVI 
onwards the effects of various accidents and interruptions on the normal 
cycle are dealt with, The accidents may be climatic, leading to refrigeration 
and producing glacial erosion and accumulations, or to aridity, introducing 
seoliim erosion and accumulations. Again, they may be volcanic, leading 
to extensive modification of the pre-existing land-forms. The interruptions 
of a C3rcle are usually due to earth-movements, but may sometimes be 
ascribed to fluctuations of the sea-level. The book ends with a study of 
marine erosion and coastal profiles, in which good use is made of the work 
of Gulliver and Johnson. 

The matter of the book is well arranged, the manner logical, and the 
writing extremely lucid and concise. A special word of praise must be 
given to the abundant and well-chosen illustrations, mostly photographs of 
New Zealand scenery; but there are also many beautifully clear line drawings, 
and generalised land-form diagrams. A good series of reading references 
and a full index add much to the value of the book. The Dominion Museum 
may be Gongratulated*on an excellent piece of book-production. We sh^ 
await with great interest the promised second volume, which is to contain 
a regional treatment of New Zealand land-forms in relation to the later 
geologioal history of the Dominion. 

G. W, T. 

BmMtary Oaology« with Special Relwenoa to Canada. By A. P. CotsMAN, 
M.A., Ph.D., F.R.S. ; and W. A. Parks, B.A., Ph.D., F.R.S.C. 
[Pp. XX 4- 363, with 197 figures.] (London and Toronto: J. M. 
Dtmt ^ Sons, X922. Price 15s, net.) 

Tan type of geological textbook in which the illustrations and examples 
are dmwn from one particular continent or country receives a good exem- 
{dlfibatkm in the book under review, which has been written by its diistin- 
gaiihed authors with the Canadian student, mining engineer, and general 
rsiuttor & view. Besides its local advantage, this method has the additional 
limit bt revivif^ng the whole body of the science, because its outlook, 
methods, and illustrations must be fresh and new to the jaded readers of 



493 SCIENCE PROGRESS 

the old type of textbook produced uxider more sophisticated ooxxditicma. 
We gladly miss the old cliches in manner and illustration which were td 
be found in textbook after textbook of the older dispensation. 

A little more than one-third of the book is devoted to the discussion 
of the general principles of geology. Chapter II deals with minerals and 
rocks, and is cast practically into the form of a glossary, the reader being 
advised to consult the standard works on mineralogy and petrology. The 
form of this chapter, however, makes it almost useless in a book of this 
kind. It would have served better to have introduced a more generalised 
treatment of minerals and rocks as the essential basis for the 6tu(^ of geology. 
The remaining chapters in this part deal with Dynamical Geology and 
Structural Geology. The critically minded student may ask how the foun¬ 
dered part of the graben ** illustrated in Fig. 56 arrived in its present 
position. Tills is a type of diagram which needs revision in most textbooks 
of geology. 

The section devoted to Historical Geology is compounded of Stratigraphy 
and Palaeontology, and the latter is done on a scale somewhat incommen¬ 
surate with the scale of the book. It provides, however, an excellent 
compendium of Canadian palaeontology, which will be of especial value to 
the non-Canadian worker. 

The chapter on The Making of the World''" contains a concise and 
judicial contrast between the nebular and planetesimal theories of planetary 
origin, with the balance of opinion in favour of the latter. Since more than 
half of Canada is occupied by Archaean formations, problems concerning 
the origin and age of these are treated with special fullness. The authors 
comment on a common attitude in historical geologists of regarding igneous 
and orogenic episodes as accidental features unfortunately interrupting 
the ordered succession of events, and not worthy of similar detailed study. 

The style adopted in the book is simple and concise almost to baldness. 
The illustrations throughout are excellent in quality, and most of them are 
brand-new. The absence of an index is only partly compensated for by 
a detailed table of contents. The book is well printed and free from typo¬ 
graphical errors ; but it is very heavy (avoirdupois) in relation to its size. 

G. W. T. 


BOTAVT AHD AaBZOXrZiTir&S 

Fraottoal Plant Ecology. By A. G. Tansley, M.A., F.R.S. [Pp. asS, 
with 15 text-hgures.] (London: George Allen & Unwin. Price 
75. 6d. net.) 

THs earlier part of this volume embraces a brief survey of British plant 
communities followed by an account of methods of investigation such as 
mapping (primary survey, grids, charts, and transects, etc.); the study of 
habitat factors, climatic, edaphic, biotic; and a concluding section on 
ecological work in schools. An Appendix deals with " Life-forms," survey 
methods, photographic methods, chemical determinations, and a classified 
list of b^ks and papers. The last-named includes most of the published 
papers on British Vegetation, and it is to be regretted that it is not complete 
in this respect, the more so as some of the omissions are not easily accounted 
for. Moreover, we venture to think the value of the body of the work would 
have been considerably enhanced by much more frequent reference to the 
original papers on which the text is based. 

As an elementary guide to the field study of Plant Ecology this littie 
book supplies an obvious gap in our botanical literature. 

We are glad to note that the author emphasises the real significaims of 
ecological work as depending not so much on the nature of tl:^ problems 
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ittt 4 ied m upon the method of attack. To use the author's own phraseology 
it is a means of approach rather than a special branch of Botany. 

Ecology is essentially synthetic, not merely with respect to the vi^us 
brandies of Botany, but in respect to other sciences as well—Chemistry, 
Physics, Geology, Meteorology, Zoology, etc. It is the correlation which it 
demands of the results achieved, in very diverse fields of research, whidi 
constitutes at once the chief merit of ecology and the chief difficulty of its 
pursuit in an age of extreme specialisation. This is the foundation of its 
power and charm in the hands of the competent teacher; but ecolo|Qr is 
essentially a practical subject in which hypotheses must be checked by field 
observation and experiments, and in which quantitative data and meticulous 
accuracy are especially necessary. 

Probably in no domain is it easier for the counterfeit of superficial obser¬ 
vation to pass currency as the genuine coin from the mint of Imowledge, and 
for this reason we heartily welcome a volume which will tend to promote a 
greater accuracy and more definite purpose in ecological observation. 

E. J. Salisbury. 


Tbs Ferns (Filioales). Treated comparatively with a view to their natural 
classification. Volume I: Analytical Examination of the Criteria 
of Comparison. By F. O. Bower, Sc.D., LL.D., F.R.S., Regius 
Professor of Botany in the University of Glasgow. [Pp. x -f- 359, 
with 309 illustrations and frontispiece.] (Cambridge: at the Uni¬ 
versity Press, 1923. Price 305.) 

Prof. Bower early interested himself in the Ferns, and one of his very first 
papers was written on the nature of the leaf in these plants. The outcome 
of this interest has been a remarkable series of papers on these forms, papers 
in which their relationships and interrelationships have been one of his most 
immrtant concerns. The volume under review is the first of two which 
wifi deal with the Ferns mainly from the point of view of their natural classi¬ 
fication, and critically examines the data of comparison, while the second 
volume will deal in a constructive manner with these facts. Every organ 
and structure of the sporophytic and gametophytic generations is examined 
m detail, and comparisons are drawn when possible between these and corre¬ 
sponding structures in allied and fossil plants, so that the volume contains a 
large amount of information regarding the structure of the Ferns and their 
allies. The point of view of the treatise necessarily excludes any detailed 
treatment of the physiology and ecology of these plants, but at the same time 
it leaves one impressed with the fact that, while so very much is known of 
their structure and affinities, comparatively little is known of the former 
aspects of the study, even if stelar t^ories do seek to explain structure largely 
in terms of function. The chapter on “ Sire, a Factor in Stelar Morphology,^' 
based on an address delivered by Prof. Bower in 1920, is all the more in¬ 
teresting as it directs attention to work along experimental lines; for ex¬ 
ample, when it quotes from some work of McLean Thompson on the anatomy 
of a plant that had been starved, with consequent change in sixe of the stelax 
tissues, as would indeed have been expected, and with considerable structural 
auctions as well. It is to be hoped that the book will stimulate research 
mi Vmx physiology and ecology. 

A number of quite new observations are recorded; amongst the most 
interesting of these is the statement that in Notholmna itickomanoides simiJar 
hate have been found in the gametophytic and sporophytic generations. 

There are oases amongst plants where the two generations are almost 
etactly alike, and in such we are fairly well acquainted with the more obvious 
Isatims of similarity between the gm but where these are distinctly 

difiment we have no measure of the quantitative nature of these dlflersooes. 



494 SCIENCE PROGRESS 

and generally it may be said that we know very little of the inheritance of 
gametophytic characters. This helps to make the case, observed by Mr, 
Boodle, an extremely interesting one. 

The book is fully illustrated, many of the illustrations having been specially 
prepared for it, and it need scarcely be said is an authoritative and clear 
statement of this aspect of the subject. 

E. M. C. 


Textbodr of Agrioultnral Bacteriology. By F. LdiiNis, Ph.D., and E, B. 

Frbd, Ph.D. [Pp. ix + 283, with 66 figures.] (London : McGraw- 

Hill Book Co., 1923. Price 15s. net.) 

Dr. LbHKis's Voflesung Ubey Landwirtschaftliche Bakteriologie is a textbook 
so well known to students and research workers that the appearance of a 
revised English edition by Dr. Ldlinis and Dr. E. B. Fred wiU be especially 
welcomed. The book opens with a general description of bacteria and other 
micro-organisms and an account of their activities. Chapters on bacterio¬ 
logical technique are included here, and the special method in use in dairy 
and soil bacteriology are dealt with in the later chapters concerning these 
fields of work. The book is not a laboratory manual, and consequently the 
authors deal, not with the details but rather with'the principles underlying 
bacteriological methods. The second half of the book deals with bacteriology 
in its especial connection with the practice and problems of agriculture. 
The authors discuss the part taken by bacteria in the ripening of hay, in the 
formation of silage and farmyard manure, in the disposal of sewage, in dairy 
products, and in the soil. Although the book is concerned primarily '^th 
bacteria, the authors also refer to the activities and influence of other micro¬ 
organisms such as fungi, algap, and protozoa. In some instances the import¬ 
ance of these other organisms is perhaps too little emphasised. Our knowledge 
of the part they play is at present all too small, but recent work tends to 
show how closely their activities are interrelated with those of the bac¬ 
teria. In the soil, for example, the close connection between the activities 
of bacteria and protozoa has been shown by recent work at Rothamsted, 
where the rapid chwges in numbers of bacteria and of active amoebae that 
occur in a field soil have been shown to be inversely related. Until a 
more accurate technique is evolved for estimating the quantity of fila¬ 
mentous fungi in the soil their relative importance cannot be estimated^ 
while the discovery of an abundant algal flora in field soil has introdiH^ 
another factor of unknown importance into the problem. The trend ol 
modem research indicates that in soil, at any rate, we cannot consider 
bacteria by themselves, but must study them in their relation to other groups 
of the soil population. 

H. G. Tborntoii, 


BOOXiOOT 

Elementary Zoology. By Oswald H. Latter, M.A, [Pp. i* + 333, with 
1x4 illustrations.] (London: Methuen Bl G>., 1923, Price laf. net,) 

Mr. Oswald 1 >ttsr has been a teacher of Biology during more thirty 
years ; his book covers the syllabus in Zoology prescribed by the University 
of London and the N<»1hem Union Joint Board for their respective Matricn- 
lation examinations. Leaving aside the question as to whether University 
Plrofessors want their freshmim to l^ve learnt a hotch-potch of Z^ogy 
before they ** come up,'* it must be said frankly that Mr. Latter’s book givss 
a clear, readable account of elementary Zoology and Physiology, but thm 
a great deal ol the book, and some parts of it are rather aavanced. One 
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eunot believe that the ordinary boy of from aixteen to eii^teen ecmU 
imdexviaiid the book tmless he whs taught by a properly trat^ aoologiit 
with the aid of specimens and slides. Mr. Latter is a trained zoolo^st* 
and his boys* unlilm the majority* have the advantage of being taught with 
the aid of zoological collections. Many Universities have entrance prizes 
and sizarships in Biology* and a book for the purpose is badly needed. 
In Mr. Latter's present volume the reviewer sees the possibility of such a 
book; but the author's Elementary Zoology is too bulky* too expensive^ 
and too advanced for this purpose. No t^y unaided by a special teacher 
could understand Mr. Latter's book. Some of the chapters are quite originally 
written and would make excellent material for a sxnaller work for entrance 
examinations. The author has taken much trouble with the illustrations* 
which are clear *and nicely produced. 

J. Bront6 Gatenby. 


fhc Physiology of Beprodnotion. By Francis H. A. Marshall* Sc.D.* 
D.Sc.* F.R.S., with contributions by William Cramer* Ph.D., D.Sc.* 
M.R.C.S.* L.R.C.P., JamesLockhsad* O.B.E.* M.A., M.D., F.R.C.S.E.. 
Crbsswsll Shearer* M.D.* Sc.D.* F.R.S. Second and revised edition. 
[Pp. viii + 770* with 1S9 illustrations.] (London : Longmans* Green 
ft Co.* 1922. Price 365. net.) 

This is the only book of its kind in any language* and its usefulness to the 
student and research man in any physiological and embryological subject 
cannot be overestimated. The fact that the work is not aimed at 
convincing one of the correctness of any special theo^ or hypothesis* but 
is a mine of solid learning* makes it indispensable, '^ne reviewer has read 
^ new edition with pleasure* and treasures the volume especially among 
his books: no Pathological* Physiological* or Biological Dep^ment 
should be without it. Naturally there are. many branches which the 
specialist will find rather bare of new leaves, but in the splendid broad 
mew which the whole book gives he will find the excuse for overlooking 
lacunas. Certain reviewers have deplored the want of emphasis in the 
acceptance of some of the more modem conceptions of the cytological 
science; but the present reviewer would regret to see any change made. 
Prof. Marshall is to be congratulated on this splendid volume. 

J. BRONTfi Gatenby. 


B gr edh y In Pouttry. By Reginald Crundall Punnett, F.R.S. [Pp» 
viii 204* with 12 plates and 28 figures.] (London: Macmillan ft Co., 
^923, Ptice X05. net.) 

tWM little book is dedicated to William Bateson* whose experiments with 
poultry ofiered the first demonstration of Mendelian heredity in the animal 
Ungtem. This is a cheerful saying in these days of Drosophila I Prof. 
Punnett in a modest preface tells us how Mr. Bateson came to o&r him a 
tbrn in the work being carried out nearly twenty years ago at Grantchester. 
The work begins with an elementary introduction and step by step goes 
tas to explain all the discoveries xnade by Punnett* Bateson* and their 
CO-wurloBrs at Cambridge. There are chapters on ** Sex«Llnked Inheritance**’ 
^’Scomdary Sexual Characters*" " Linked,’* and so forth. The book gives 
a tooiDj^ete account of all the modem work on crossing and bird breeding* and 
gome of .ft will be rather difficult for the layman to understand* but Prof. 
PUttMtit's researches wU provide an excellent Jumping<*ofif ground lor further 
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work on lifendelism and Sen* The bibliograidiy is esttensive. This book, 
together with Marshall’s Physu^gy of Reprodueiion, should be read carelttlly 
by all those who are interested in Heredity and Sex. The illustrations are 
nicely executed, several of the plates being in colour. 

J. BnoNxft Gaxxhby* 


Asterias. By Herbxrt C. Chadwick, A.L.S., L.M.B.C. [Pp. xiii + 63, 
with 9 plates.] (Liverpool: The University Press ; London : Hodder 
& Stoughton, X923. Frice 4s. 6 d, net.) 

This monograph is the fourth of Mr. Chadwick's Echinoderm memoirs, and 
it keeps well up to the standard of this careful worker. All teachers welcome 
it, for only they really know how much it is needed in the laboratory ; and 
not only the University student, but every naturalist, will find it a very 
substantial help in the study of the starhsh. 

The illustrations are beautiful, especially the larger drawings showing 
the skeleton and internal anatomy. The figures of histological detail are 
not quite so happy, but this is more the fault of reproduction than of the 
artist, and the fact that they are on rather too smali a scale. 

On controversial points the evidence from every point of view is care¬ 
fully considered and the author's conclusions from his own dissections 
usu^ly given. With regard to the much-discussed axial organ, he is inclined 
to support Gemmill in reading its function as a haemal one, and apparently 
does not agree with MacBride and others that the organ is the original seat 
of the genital cells. The clear diagram of this system on page 31 is of special 
value. 

Only such embryology is allowed in the monograph as can be seen in 
the whole organism, alive or mounted, and no histology of these is under¬ 
taken. This seems wise, as the student taking Asterias as a type in a 
zoological course does not need to study the embryo more minutely, and, 
as the author states, it is easy to refer to larger works when more detail 
is wanted. A clear description is given of the development from the egg 
through the various larval stages up to metamorphosis. Here aga^, per¬ 
haps, the reproduction does not do justice to the drawings, which axe 
small for the detail that is put into them and somewhat crowded on to the 
plate. 

Mr. Chadwick is to be congratulated on the completion of so useful a 
piece of work, and it is to be hoped that he will add many more momoirs 
to the series. 

Marib V. Lbbour. 


Manual of Entomology: With Special Belerenoe to Economic Bntomolciy* 

By Prof. H. Maxwell Lefroy. [Pp. xvi + 341, with a plates and 

179 text-hgures.J (London: £. Arnold & Co., 1923. Price 35s. net.) 

This book differs considerably from other textbooks of Entomology, and it 
intended primarily for the student of the economic aspect of the sni^ect. It 
is planned to teach him how to recognise the live insect in the field, to dedda 
its sex and habits, to understand how to control injurious sp^es, and to 
{provide him with rderenoes which will indicate the sources whm fuller infer* 
mation is available. There are no introductory chapters, but this appesani 
to be accounted for by the fact that the book is based on lectures which 
form a part only of a full course in economic entomology* The student 
is consequently introduced straight away to insects order by order* Its 
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metbod of preparation is somewhat unusual, since several past or present 
students (eight in all) of Prof. Lefroy's department have b^n enrolled as 
collaborators in the preparation of a large pixt of the volume. The diiSEerent 
chapters, apparently for this reason, are of unequal merit: there are also a 
considerable number of misprints, seemingly due to too superficial proof- 
correcting, and there are a certain number of serious mistakes afiecting matters 
of fact. 

In the preface Prof. Lefroy deplores the continual nomenclatorial changes 
that go on, and has endeavoured to follow a course more or less between 
conservatism and radicalism in this matter. He considers that every 
student should have a collection of insects to work with, and also 
specimens for examination and dissection, as he does not much believe in 
illustrations. 

The method of arrangement of the volume has been to divide it up into 
sections, each section l^ing devoted to a separate order of insects. A 
diagnosis of each order is given at the commencement of its section, and there 
follows an account of the general structure and habits based upon its typical 
representatives. Each of the families of the particular order concerned is 
dealt with in varying detail, with comments on certain of the more 
notable species, and often with remarks on controlling some of the 
noxious forms. A good deal of useful information is brought together 
by this method, and a very considerable amount of recent literature has 
b^n taken advantage of, which makes the book reasonably up-to-date. 
The four plates are clear half-tone illustrations and most of the text-figures 
are original. 

A. D. I. 

Praotioal Bee Anatomy; With Notes on the Embryology, Metamorphoses, 
and Physiology ol the Honey Bee. By Annie D. Betts. [Pp. 88 .] 
(The Apis Club, Benson, Oxon, England, 1923.) 

Thb Apis Club Library has been initiated with the idea of providing manuals 
on the various aspects of the science and practice of bee culture. The 
present little book is the first in that series, and is intended principally as a 
guide to the practical anatomy of the bee. Since the first volume of Cheshire's 
^mirable work Bees and Beekeeping is now out-of-date on account of the 
large amount of new knowledge that has accumulated. Miss Betts has had in 
mind a more modern treatment of the subject. With this aim in view she has 
included ** a survey of bee anatomy from the egg stage onwards, based 
mainly on the work of Nelson, Snodgrass, and Zander." Her little book is 
extremely well done, and it everywhere shows evidence of being the work of 
a trained ecologist. Notwithstanding its small compass, it is v^ closely 
printed and contains practically everything of importance relative to the 
structure and physiology of the adult bee. The most enthusiastic worker 
will also find aU that is required in the way of advice on dissection, methods 
of ted^que, and references to literature. It is something more than a 
conH)ilation, for the authoress has evidently carried out independent investi¬ 
gation in writing the book, and Judiciously weighs the " pros and cons " in 
UMrtanoes where there is divergence of opinion. We have, therefore, no 
hesitation in recommending her book to the expert beekeeper, the 
entomologist, and to anyone who desires to understand thoroufi^y the 
structure of the bee. The final pages are occupied by twelve plates comprising 
6 x figures. These are scarcely up to the standard we should have expected 
tito letterporm. They are undoubtedly accurate, but would have gained 
in value if more time had been expended ontheir execution: as it is they ate 
ieuttsvdxat of the nature of notebook sketches. 


A. D. I. 
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JJTTKBOVOXOOT 

Tatankhamen and the Diioovery of his Tomb. By Prof. G. Eluot Smith, 
F.R.S. [Pp. 123. with 23 illustrations.] (London: George Kont- 
ledge & ^ns, 1923. Price 45. td. net.) 

It is usually unwise to put into book form a series of articles which have 
appeared in a newspaper. The newspaper article is a comment on the 
news of the day and therefore in its very essence ephemeral, whereas a book 
presupposes a more weighty and considered treatment, especially of a 
scientific subject. Prof. Elliot Smith has been ill-advised in yielding to 
the request of lus friends to put his articles into book form. The temptation 
to do so is always great, but it should be firmly resisted. This is specially 
true as regards the subject of this book; for, until the excavation is complete 
and Mr. Howard Carter's authoritative account is published, all books on 
Tutankhamen can only be either speculative or a mere recapitulation of 
the few historical facts already known ; in either case they take the ** bloom 
off the peach of Mr. Carter's future publication. It may be remarked 
that, with one exception, no Egyptologist of note has written a book on 
Tutankhamen ; they have left Mr. Carter an absolutely clear field. Prof. 
Elliot Smith's book adds, and can add, nothing to our knowledge of the 
period ; for the only department of Egyptologyin which he has done 
original work—mummification—is not yet required. If and when the 
mummy of Tutankhamen is found, then Prof. Elliot Smith's great experience 
will be of value both to the specialist and to the general public. 

M. A. Murray. 


XSBZOXVS 

Dental Anatomy and Physiology. By John Humphreys, M.D.S., F.S.A., 
F.G.S., F.L.S.; and A. W. Wellings, M.D.S., L.D.S. [Pp. viii + 323.] 
(London : Edward Arnold & Co., 1923. Price 165. net.) 

It is rare to find a book designed to meet the requirements of students 
working to a syllabus which is as free as the volume under review from the 
defects usually associated with such books. 

'Ihis new dental anatomy presents its subject-matter in a broad and 
scientific spirit, and contains many illustrations of the value of comparative 
studies in the elucidation of problems of human anatomy and physiology. 

In Part I. dealing with the human teeth, the text is profusely illustrated 
with excellent photo^aphs. The book is thoroughly up-to-date, and 
debatable points requiring further investigation are presented in a ludd 
and undogmatic manner. 

In Part II, the comparative section, the classification of adopted 

is rather crude and antiquated; but its use is perhaps justified as an approxi*^ 
mation sufBcient for the needs of those for whom it is intended. 

The book can be recommended to dental students as a compact but 
comprehensive manual of the anatomy of teeth. 

J. H- W. 

Practical Physiology. By E. P. Cathcart, F.R.S., D. Noel Paton, F.R.S., 
and M. S. Pembrey, F.R.S. []^. xii -f 344, with 206 figures.] (Lon¬ 
don : Edward Arnold, 1922. Price i8s. net; or in a vols., los* 64 . 
each.) 

This is a comprehensive course of experimental ph3rsiology and 
physiology in one volume suitable for medical students. 

The section on experimental physiology occupies 173 pages and is 
veniently divided into an elementary and an advanced course. 

The elementary course begins with a study of the special senses as ttm 
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iaatruments of knowledge, thus differing from the majority of works on 
experimental physiology in a more philosophical if less direct method of 
ai^peoach. 

The chapter on nerve and muscle is wisely shorn of detailed descriptions 
of electrical apparatus, which occupy ah appendix, and the student is not 
confronted by a barricade of obsolete galvanic batteries before he can begin 
the study of contracting muscle. 

An account of the polygraph would improve the chapter on the circulation^ 
in view of the clinical interest of the implement. 

Dr, Hurst contributes an exceedingly useful chapter on the investigation 
of the movements of the alimentary canal, and fills a conspicuous gap in 
exmrimental textbooks. Altogether, this section is eminently practical and 
well written. 

The section on chemical physiology, while adequate in extent, is not as 
fresh in treatment as the previous section. 

There are many minor statements open to question. For example 
(P« 193) • . this solution, like all colloidal solutions, gives a persistent 

froth on shaking.** 

The account of the acidity of gastric juice suffers from some confusion 
from the attempt to incorporate the modern method of expressing acidity 
as hydrogen-ion concentration with the old notion of total acidity, total 
hydrochloric acid, and free hydrochloric acid. 

In the chapter on urine, it may be doubted, in view of Folin's results, if 
the acidity is entirely due to acid phosphates. The vague remark is once 
more reproduced: "... an amphoteric solution turning red litmus blue 
and blue litmus red.** Surely an amphoteric solution in the region of pH 7 
can better be described as turning red litmus purple and blue litmus purple, 
the equilibrium tint of each being the same ? 

. The simple and valuable urease test for urea might suitably be included 
in the elementary section. Incidentally, dry heat does not split urea into 
ammonia gas and biuret, but into ammonia and cyanic acid. Biuret is only 
formed by the combination of the cyanic acid with some of the urea which 
has escaped decomposition. 

In the Rothera test for acetone, it should be mentioned that the test is 
also given by aceto-acetic acid. And in describing the ferric chloride test 
the method of eliminating fallacies due to phenol or salicylic acid by boiling 
the solutions should be stated. 

The advanced course in chemical physiology is much better, and is up- 
to-date without being overloaded. 

Altogether, the complete work is eminently practical and readable, 

W. R. F, 


mammixJumxTM 

ot Opttoal Minendogy* An Introduction to Microscopic Betro- 
mphy. By H. N. and A. N. Winchsll. Second Edition. Part I; 
Principles and Methods. [Pp. xv 4“ 216, with 230 illustrations,] 
(New York: John Wiley & Sons ; London ; Chapman 6c Hall, 1922. 
Price 17s, 6d, net.) 


Tbs second edition of this book is to be welcomed, as the amount of literature 
on this subject available in a form suitable for students is limited. In the 
first edition, the subject was dealt with somewhat less completely, in fact 
the second edition is the first part of the projected work, Parts II and III 
being promted at a later date. It is well known that the birth of modem 
petrography was due to the labours of Sorby, but that later accurate and 
liaefm methods were devised by well-known French workers, and these are 
Mly de^bed in the book. The first four chapters are devoted to a deacrip- 
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tion ol crystals* their physical and chemical properties^ and to methods oi 
determining their characteristics. An element^ treatment oi optics follows, 
and it is to be regretted that mmre space has not been devoted to this part 
of the subject, as on this are based the technical methods that are descrioed. 
It might be urged that reference should be made to standard works on light, 
but the student will not always api^eciate this necessity. The part on the 
microscope is also inadequate, and in places so loose in expression as to be 
misleading. An example is the statement that magnification is the product 
of the magnifying power of the objective and of the ocular, no mention being 
made of efiect of changes of tube-length. Most of this chapter is taken 
up with a description of various types of microscopes, information that could 
as easily be obtained from makers' catalogues. The methods of preparation 
of material for microscopic study, together with that devoted to the deter¬ 
mination of refractive indices, are adequately described. The remaining 
portion of the book is devoted mainly to the observation of minerals in 
polarised light. It is recognised that this is the most important branch of 
such work, constituting, in fact, the main point of difference between the use 
of a petrographic and an ordinary microscope. The subject is treated with 
commendable lucidity, p^icularly having regard to its difficulty. 

The illustrations provided are numerous, and although they are, in most 
cases, of the type usually seen in such circumstances, are carefully chosen 
and well reproduced. The remaining parts of this book may well be awaited 
with interest. 

J. E. B. 


Foundations, Abutments, and Footings. Edited by George A. Hool, S.B., 
and W. S. Kinne, B.S., Professors of Structural Engineering, Univer¬ 
sity of Wisconsin; assisted by Horace S. Barker. S.B., Chicago. 
[Pp. xiv -f 392, with 185 illustrations.] (New York and London; 
McGraw-Hill Book Co. Inc. Price 205.) 

The editors-in-chief state that this is the first of a series of six volumes, which 
will fully present the elementary theory of the principal kinds and types of 
modem engineering structures. No fewer than nineteen contributors have 
co-operated in the production of the volume. 

It is eminently a book for the structural engineer, as distinct from the 
architect, and is based upon modem American practice, which, while closely 
resembling English methods in many respects, has many features peculiar 
to itself and to its own conditions. The book is divided into eight main 
sections, many of which have subdivisions dealing with special items. 

Section i deals with soil investigation, and summarises quite clearly the 
general methods adopted to test and determine the nature of the soil. A 
subsection deals with the bearing power of soils as indicated by building codes, 
but as they are all related to if.S.A. conditions, they are not of much value 
to English students. 

Es^vation is the subject of the second section, and it deals in a compre¬ 
hensive way with all sorts of hand-tools, power shovels, scrapers, derrick and 
hoist buckets, as well as rock excavation, hand and machine drilling, and the 
use of explosives, while subaqueous excavation and dredging condudes the 
section. 

Section iii, dealing with foundations, is the lon^fest section in the book. 
After discussing foundations in general, various writers deal at some length 
with pit or well foundations, cofler-dams, open and pneumatic caissons, with 
some illustrations, and a large part of the section is devoted to timber, con¬ 
crete, and sheet piling, and the equipment required for driving. Very 
complete and useful information is gathered togel^r in this section* whhm 
should be ol great value to structural engineers. 
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Section ivis entitled Spread Footings," and the reason for, and methods 
Ox, spreading loads on the supporting soil are concisely discussed, with 
examples. A subsection deals with steel and timber grillage foundations and 
gives an illustrative problem for both methods. 

A short section on unde:^inning follows ; while probably quite suitable 
for comparatively new buildings in American towns, this is quite insufficient 
for the many dangerous structures to be dealt with in English towns. The 
illustrations of shoring given are quite inadequate, and of very little use to 
English practitioners, who probably use the finest shoring in the world* 

Section vi discusses foundations requiring special consideration, and 
includes such items as deep basements and machinery pits, waterproofing 
of structures, retaining wall, dam, and machinery foundations. The informa¬ 
tion given is sound and useful, although the illustrations—mostly photo- 
graphs-^o not convey much detail. 

Section \ii deals with bridge piers and abutments, firstly in the form of 
general considerations, then in further detail of ordinary bridge piers, abut¬ 
ments, bascule piers and cylinder and pivot piers. Much detailed information 
is given, together with some clear but rather small-scale illustrations. 

Section viii reviews tlie legal provisions regarding foundations and footings 
as de&ed by the modem law of the United States, and although doubtless 
there is much that is common to English law, many other difficulties will 
be encountered in this country. 

The volume concludes with two appendices, the first dealing with the 
bearffig values of soils for foundations, and the second with formulas for 
bearing power of piles, both of which contain much reliable information. 
A comprehensive index completes an excellent volume, which should prove 
of great valtie, not only to,students, but also to qualified structural engineers. 

A. S. 


The Propertiei of Engineering Materials. By W. C. Popplewell, M.Sc., 
A.M.Inst.C.E., and H. Carrington, B.Sc.Vict., M.Sc.Tcch., 
A.M.I.Mech.E., A.F.R.Ae.S. [Pp. xii -f 546, with 290 illustrations 
and 34 plates.] (London : Methuen & Co., 1923. Price 285. net.) 

This work is intended primarily for engineering students, but departs some¬ 
what from the customary text on this subject in an attempt to provide some 
knowledge of the strength properties of various materials. The aim of this 
addition is particularly good, and it should prove of great value to the practical 
engineer. 

The book is ^vided into two sections, dealing first with the relation of 
stress to strain in various standard forms of members. It contains most 
of the usual information found in texts on this subject, the later chapters 
treating of stresses in compressive members, torsion and helical springs, thick 
cylinders and rotating discs. 

Throughout the section, the method of failure of material and the eEect 
of combined stress have been kept well to the fore. The results of a consider¬ 
able amount of modem research work have been included, together with 
nuiUerous references. 

In the part dealing with disc stress, the practical man would probably 
find some difficulty in applying the theory given to the case of a turbine disc, 
where the hub, disc proper, and rim have to be treated separately, the strains 
at their junctions being equalised. 

It is noted that several graphical methods have been given; these, being 
general, are of great service in practice. 

iHhe more usual English procedure iar obtaining critical speeds by equating 
the sti^in miergy of a shaft In its extreme position to the Idnetiic energy in 
its mid'^position is not given, although to one not experienced in the form of 
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deflection curve, this is probably easier than by the continental method 
shovm. 

The layout of the work is in good teaching order, and the authors are to 
be congratulated on the way they have flrst given an *' engineering ** insight 
into a problem before passing into the mathematics. Another commendable 
point is the clear type and way in which the equations are set out. 

The second part deals chiefly with the properties of materials and the 
method of testing. In the first chapter are described various testing machines, 
extensometers, and autographic records. The general properties and an 
outline of the manufacture of pig and cast iron, with a description of suitable 
tests, constitute Chapter XII. Steel is similarly treated in Chapter Kill, 
and, what is of great value in conjunction with the strength, a concise dis¬ 
cussion on the grades of steel suitable for different purposes. Alloy steels are 
dealt with in the same way. 

The later chapters cover the properties and tests for wire, timber, cement, 
sheet-lead, indiarubber, etc. 

A short r6sum6 of the work on repeated loads and a discussion on the 
choice of materials and factors of safety are also included. Various tests for 
hardness are explained, although the approximate connection between 
ultimate strength and hardness of certain materials does not appear to bo 
stated. 

The volume is no doubt a valuable addition to the works on the subject. 

■akem of Sdenoe. By Ivor B. Hart. [Pp. 320. with 120 figures.] (Lon¬ 
don : Humphrey Milford, Oxford University Press. Price 6s. net.) 
Mr. Hart is known to the reviewer as the author of a textbook on Heat of 
rather exceptional merit, and in the present book he maintains the standard 
which he then set for himself. The book is intended for school use, and more 
particularly for use in classes where it is desired to include some knowledge 
of the nature and growth of scientific ideas as part of a broad general education. 
It is most admirably suited to this purpose, but it will make its strong^ 
appeal to the science student who is interested in the personalities 
of those whose discoveries it is his pleasure to study. The scope is 
limited to Astronomy, Mathematics, and Physics, chiefly the latter, and 
covers the whole development of these subjects in Europe during historic 
times. The author has selected some fourteen or fifteen of the most prominent 
workers, and round the lives of each has written a sound and suf&cient 
exposition of the ideas and discoveries associated with their names and 
periods. It may be safely said that a class which has read the book, with the 
guidance of a teacher in sympathy with the historical path to sdentfl&c 
knowledge will have acquired a really good understanding of the fundamental 
principles of astronomy and physics. 

After a brief account of Greek science, the author discusses the lives and 
works of Roger Bacon, Copernicus, Kepler, and Gilbert. The accoimt 
of Galileo which follows contains the inevitable story of the weights and 
the tower of Pisa. That this experiment was ever performed before the 
assembled staff of the university is doubtful, and when it was perfonned 
the weights did not fall with that simultaneous thud our author describes 
so graphically. The next chapter deals with Ren6 Descartes and then 
comes a long and interesting description of the lives and work of Kevrton 
and Boyle. The treatment of Newton's work on the spectrum is rather 
elementary, and the statement that Newton came to the concluklcm tiiait 
the use of the principle of refraction in optical instruments was 
desirable " is rather inadequate. The experiments which Newton p^rformad 
and the unfortunate circumstance which led to his conclusion are so seldom 
described that they might well have been inserted here. Huygens's n am e is 
misspelt as Huyghens, and there is a small error in the desmption of om 
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of Boyle's experiments (p. 284). Robert Hooke appears only as Boyle’s 
assistant and as a person continually crabbing Newton’s work—surely an 
injustice to the author of that extraordinary work the Micrographia, The 
last third of the book deals mainly with electricity from Oersted and Ampere 
through Davy and Faraday to I^lvin, and is distinguished by an account 
of the career and discoveries of Georg Simon Ohm, who remains rather a 
shadowy personage to the average student of electricity. 

The book is well illustrated and well written, and though it does not 
pretend to contain the results of any original research among historical 
records the reviewer has enjoyed its perusal and can recommend it without 
reservation to others. D. O. W. 

Metals and Metallic Compounds. By Uuck R. Evans, M.A. [VoI. I, pp. 
xii 4- 468, with I plate and 91 illustrations, price 215. net. Vol. II, 
pp. xii -f 396, with 19 illustrations, price 18s. net. Vol. Ill, pp. 
xii 4- 270, with i plate and 42 illustrations, price 14s. net. Vol IV, 
pp. xii 4- 350, with i plate and 32 illustrations, price i8s. net.] 
(London: Edward Arnold & Co., 1923.) 

In these volumes metals and metallic compounds are considered in a broad 
and interesting manner. The various aspects of our knowledge of metals 
are brought together in an ordered sequence, and cause and effect are 
correlated. As the author rightly points out, not only is a general know¬ 
ledge of physics, chemistry, and geology essential, but it is not possible to 
obtain a proper understanding of the chemistry of metals without a knowledge 
of electro-chemistry and colloid chemistry. Metallurgists, chemists, and 
engineers find it diflBicult to keep pace with the advances in physical chemistry 
and phjrsical metallurgy, and at times are almost bewildered by new develop¬ 
ments. Progress occurs along unexpected lines, and its real value is not always 
fully appreciated owing to a lack of suitable assistance to study the basic 
principles of which a particular discovery is the outcome. Thirty-three 
years ago Sir William Roberts-Austen, in An Introduction to the Study of 
Metallurgy, pointed out the need of guidance to a knowledge of the principles 
on which the art of metallurgy is rightly practised, and in his l^ok gave 
a concise statement of the knowledge which, at that time in metallurgy, 
depended on the application of chemistry, physics, and mechanics. What 
was true then applies with even greater force now : the yoxmg engineer and 
student in metallurgy require a sound pounding in cliemistry and physics, 
and need to know the kind of aid the science of metals receives and may be 
ejected to receive from these other sciences. 

The work under review treats the subject of metals in a new way and 
makes a successful attempt to give, within a convenient space, a general 
and cleat account of our present knowledge. It is not a textb^k on 
metallurgy, neither should it be regarded by the engineer or metallurgist as 
a substitute for textbooks of chemistry and physics. The book, however, is 
more than a review; it is an introduction and a guide to the study of metals, 
lor it imparts instruction, creates interest, and places the reader in a position 
to understand and appreciate much of the research work which been 
carried out during the past few years, as well as many industrial developments. 
It consists of four volumes, the fir^ treating the subject generally and the 
othem dealing with the individual metals in the order of the Periodic Table. 

Vol. I contains an ” Introduction " and two parts—" The Study of the 
MMalUc State (Metallography) ” and ” The Study of the Ionic State (Eketro- 
ehemistry)/’ TOe Introduction supplies, briefly, that general knowledge of 
chemistry, physics, and geology which is required throughout the book. The 
metsllogm portion deals with the structure of metals and alloys, and 
pyriometry and cooling curves, including the eflects of deformation, annealing, 
«Ud alloyifif on the properties of metals. The chapter on the structure 
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of alloys is very dearly nmtten. Under the electro^chemical portion are 
considered ionisation in solution, the colloidal state, electro^positioii, 
corrosion, and radio-activity; the whole section being treated very ably and 
condsely. 

In Vol. II the various metals of the ** A " Groups are taken. These 
consist of the alkali metals, the metals of the alkaline earths, the various 
groups which include aluminium, titanium, zirconium, vanadium, tantalium, 
chromium, molybdenum, tungsten, and uranium, and Group Vila, in 
which manganese is the only representative at present. The description 
of each metal is divided into three parts : the first is an account of the chem¬ 
istry of the metal and its compounds, with a summary of the methods of 
analysis—which is merely descriptive and not sufficiently detailed for 
practical analytical work—the second on the terrestrial occurrence of the 
metal, and the third on the extraction of the metal from its ores, its uses and 
the uses of its compounds, which is distinctly technical in character, and 
although in some cases it is the longest of these sections, it in no way pretends 
to give an exhaustive or detailed account of industrial processes, but is a 
good survey of important present-day methods. 

The third volume deals with the Transition Elements —iron, cobalt, 
nickel, and the platinum metals. The general properties, magnetism, and 
cr3rstal-structure of these elements are considered, and then the individual 
metals are taken as in the previous volume. A hundred pa^es are devoted 
to the metallurgy and the structme and properties of iron and steel. 
Unfortunately a modem calcining kiln is not given, but the old form of 
Gjers kiln which is so constantly l^ing reproduced in the modern textbooks. 
The paragraphs on ** The Thermal Economy of the Blast-Furnace give a very 
good statement of the reactions of reduction. The term hot-blast stoves 
would be more correct than " Ck)wper stoves.** There are several kinds of 
hot-blast stoves in use, while a Cowper stove is only a particular variety. 

The metals of the ** B ** Groups, viz. copper, silver, gold, zinc, cadmium, 
mercury, gallium, indium, thallium, germanium, tin, lead, arsenic, antimony, 
and bismuth, are described in the last volume. A brief account of most of 
these metals is given, but seventy-fom pages are allotted to copper. The 
diagrams of converters do not represent the most modern types used in the 
larger copper works. The metallurgy of gold is covered in twelve pages and 
coxisists of quite brief and general accounts of the extraction of gold from 
placer deposits, the stamp battery and cyaniding. 

Volumes I, III, and IV contain photo-micrographs—wrongly called micro¬ 
photographs—showing the structure of iron, steel, lead, cadmium, and some 
well-known alloys. 

From the above the character and scope of the book can be judged. It 
tends to be encyclopaedic in form, but naturally cannot give the amount of 
information on any particular subject that may be required by the 
specialist. Other works must be consulted, and in view of this numerous 
references are given throughout the book to scientific and technical literature. 

The preparation of these volumes and the arranging of the subject- 
matter must have been a difficult and heavy task, and the author is to be 
congratulated on producing a useful and interesting book which should 
prove of value to the student. 

E. CoURTIIAN. 

Teohnieal Analysti of Bted and fted Works Materials. By Frank T. Stsco. 
[Pp. xiv + 543, with 28 illustrations.] (London: McGraw-Hill 
Publishing Co., 1923. Price 255. net.) 

This book embodies the various methods of analysis for steels and steel works 
materials used by the author in his laboratory, together with notes on varioue 
laboratory operatiems. 
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Iba c^ect of tbe work it: (x) To give the routine anulyut, the induttriml 
cheatitt^ the student in metallurgical chemistry the best, simplest, and 
most rapid methods for the analysis of steels, special steels, and steel works 
materials. (2) To emphasise the necessity for speed in analytical control. 
(3) To provide for the steel worker an account of ^ steel laboratory and its 
problems. 

The book consists of three parts, namely: 

^ Part I.—The steel works laboratory, its design, equipment, and operations. 
This part has an interesting chapter on the qualification and selection of 
laboratory employees in which the author considers that the advantages 
of a college training in chemistry for the routine steel analyst are doubtful. 
There is a chapter on errors, one on record-keeping and costs, and two on 
sampling. 

Part II.—The anal3rsi8 of plain and alloy steels. Attention is directed 
to the importance of analytical control, especially for electric furnace steels, 
resulting in the need for rapidity and accuracy. This part includes one 
chapter on manipulation in steel analysis. 

Part III.—The analysis of steel works material. This covers the analysis 
of pig iron, cast iron, ferro allo3rs. ores, fluxes, refractories, and slags, but. as 
the author points out. the sampling and anal3rsis of coal. coke. oil. water, 
and gas. as well as the determination of oxides and gases in steel, have been 
omitted. 

The methods are above criticism, for they have all been repeatedly used 
by the author and found to be satisfactory. They are well and completely 
described, with many useful hints and details of manipulation. 

The b^k as a whole, and particularly the methods for alloy steels, should 
prove of value to the steel works chemist, the teacher, and the student. 

£, Courtman. 

SI Arts do los Mettles. Translated from the Spanish of Alvaro Barba 
by R. E. Douglass and E. P. Mathewson. [I^. ix -f 288, with i plate 
and 12 illustrations.] (New York: John Wiley & Sons ; London : 
Chapman dt Hall. 1923. Price 175. 6d. net.) 

Tms work, the title of which may be rendered broadly as ** The Metallurgical 
Art/' was first published in 1640. and was probably the first published 
treatise on American metallurgy. A number of reprints and translations 
followed, including an English and several French and German editions, 
some of which revealed a lack of technical knowledge on the part of the 
translators. The present voluxhe is a translation, by Messrs. Ross E. Douglass 
and E. P. Mathewson. of a Spanish edition of 1729. 

Criticism of a work of ibis nature in the light of modem knowledge is a 
difficult, if not impossible, task. A brief reference to the scope of the work 
would probably prove of more value to those not already familiar with it. 

The book is divided up into five distinct sections, termed books " by 
author* The first " book " ^ves a general survey of the extent of 
geological knowledge available in Barba's time. In this section he shows a 
al^wd knowledge of the Potosi district of Bolivia, with which long 
residence had made him familiar, and naively cites numerous instances 
Ux which he was able to turn this knowledge profitably to account. Sul^ 

a nent books " deal with the amalgamation of gold and silver ores, the 
action of ores by smelting, and the refining of metals. It is in the sections 
on tto general treatment of silver ores by amalgamation or smelting that his 
iqpeeiidiscd knowledge gained in many years* earperienoe is fully utilised. He 
tlWMf tte subject from an exninently practical standpoint, and many of his 
BtatosMiti of fact hold good at the present day. 

i$ 
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The work haa acquired the etatus of a classic, and is freely quoted by 
writers of our own tunes^ notably in reference to the developnient in the 
treatment of silver ores. The translators have contented themselves with a 
literal translation, adding only such notes on the teact as serve to remove any 
ambiguities incidental to translation. The thoroughness of this annotation 
is a fitting tribute to their familiarity with local Spanish mining terms, 
ancient and modem. The result is a thoroughly readable book, of Interest 
alike to the student of history for history's sake, and to the metallurgical 
student desiring an insight into the early lustory of the metallurgy of 
silver in a readily accessible form. 

£. COURTMaN. 


Mirrors, Prisms, and Lenses: A Textbook o! Qaomeirioal Optios. By 

Jambs P. C. Southall. Enlarged and revised edition. [Pp. xix -f 

657, with 287 figtires.] (New York: Macmillan Company, 1923.) 

This attractively written textbook is the fruit of the author's wide experience 
in teaching Optics at Columbia University and elsewhere, and should appeal 
to a wide circle of readers on both sides of the Atlantic. Medical students, 
and others who are apt to be repelled by the large amount of mathematics 
in many treatises, will find that their needs here receive special consideration. 
Ophthalmic optics, in fact, takes up a large portion of the book. 

It must not, however, be inferred that it is only for such students that the 
book is written. Though essentially an introduction to the subject, Hiere 
will be found scattered throughout the volume ample evidence tnat the 
author maintains close observation on developments taking place in its 
various branches all over the world, and in this new edition he haia gathered 
together into an interesting additional chapter notes on quite a number of 
topics suited to an elementary treatise which have recently been under 
discussion in various scientific journals. A special feature is the extensive 
collection of examples, many of them containing results fully as important 
as those discussed in the text, and considerable additions have been made 
here also. The importance of this section must excuse our criticism of ex^ 
ample 12 on p. 27, where it is implied that the visibility of a black spot on 
a bdght ground depends on the ordinary limit of resolution. The text also 
is not entirely free from small errors. In dealing with sucemive refiection 
at two plane mirrors the angle between the niiirors should be so de&Md 
as to be zero when they form one continuous reflector, not when their re-* 
fleeting faces are in contact. The definition given would lead the student 
to draw from the general law an incorrect idea of the change of deviation as 
the angle between the mirrors is altered. On p. 524 we note the statement 
" it may be demonstrated that no optical system can have more than one 
pair of aplanatic points." This particular misstatement has been frequently 
made and is responsible for some misconceptioDS connected with the higher 
theory of instruments. Actually three such pairs are possible. The simplest 
illustration is afforded by a single spherical refracting surface, where one p^ 
are the intersections of a radial line with Young's spheres, another frdl on ^ 
intersection of the line with the refracting sphere itself, while the third pair 
coincide with the centre of curvature. The self*conjugate character tvrp 
pairs in this simplest illustration is accidental, and examplei can eastiy be 
constructed in which the members of these other pairs are dUSerent points. 
Such minor blemishes,as these, however, esa hardly be said to detract serionsly 
from the merits of the book. 

Readers who are acquainted with a number of books on geometrical optios 
must have been strongly impressed with the grave diversity in fun^mental 
conventions followed by difierent authors. Those adopted in this book 
have perhaps been employed as widely as any others, and the trsatmMt 
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i^ppaui to be consistent: but to the reviewer it seems unfortunate to ascribe 
toth a positive and a negative focal length to one and the same lens, and 
the use of the terms ** ^mary and ** secondary in this connection is 
open to the objection that in more advanced theozy they bear quite difierent 
meanings. 

The book is adequately illustrated—some of the original figures are 
particularly well conceived—^and is provided with a full index. 

T. Smitb. 


Popular Fallades Explained and Corrected. By A. S. £. Ackbumann, B.Sc. 
Third Edition. With an Introduction by Sir Richard Grbgory, 
D.Sc., F.R.A.S. [Pp. xvi + q^s.] (London : The Old Westminster 
Press, 1923. Price 125. 6d. net.) 

In his introduction to this useful work Sir Richard Gregory says: ** Charles 
Lamb remarked that a man could not be altogether happy in the company 
of his schoolmaster. The reader of this book may similarly become depres- 
singly conscious of his numerous mistakes ,* or, on the other hand, he may, 
by unseemly intrusion or insistent correction, develop into a captious critic 
whose presence in friendly conversational circles is best avoided. Mr. Acker- 
mann does not desire to produce either of these types of mind, but rather to 
provide a work of reference which all who prefer precision to uncertainty or 
inaccuracy may consult with advantage.'* The author has succeeded very 
well indeed in this design ; and the third edition deals with 1,350 fallacies, 
while the previous 1909 edition taught us wisdom regarding only 460 fallacies. 
Is this because the human race acquires more and more fallacies the longer 
it continues to exist—^as some think ? We quite agree that the book is not 
a mere list of popular errors, but is also a very interesting work of reference 
upon a number of curious matters. The author has collected many useful 
Imt often forgotten notes upon each point. Perhaps some very learned 
persons (among whom we do not include ourselves) may occasionally feel 
inclined to correct the corrections. For instance, in the article on Consump¬ 
tion (page 149) a pundit says very decisively: People talked of consumption 
being brought on bv a chill. To talk of any disease being due to a chili was 
atufi and nonsense.^' We seem to remember certain experiments of Pasteur 
on fi>wl8 which would hardly support this view; and also recollect numerous 
occasions when a certain common malady of the nose followed exposure to 
thorough chilling in railway trains and elsewhere. Medical teaching seems 
to have got rather beyond this stage of deriding chills. Many infections, 
induding those of ** colds in the head,** appear to lie dormant for a long time, 
until they are brouglit out suddenly by something which greatly depresses the 
defensive armament of the body. The story has been told that the Japanese 
Ambassador was once present at a dinner where Mr. Gladstone was Imlding 
forth as usual on every conceivable subject. ** What a clever man is your 
Mx. Gladstone,** exdaimed the Japanese Ambassador as the great politidan 
dogmatised first mi one theme and then on smother. At last the conversation 
turned to Japan—^upon which Mr. Gladstone again enlightened his audience. 
** Ah/' ssdd the Ambassador, '* but he knows nothing about Japan." We do 
think that Mr. Ackermann will be so lightly convicted^ 
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In the July number of this volume the words ** 5% free fatty acid/' whidi 
appear on page 146, line 14, and also in the heading of the table, should xusd, 
" 0-5% free fatty acid." 

T^ title of Lt.-Commander R. T. Gould's book, reviewed on page\^ 
of this volume, should read " The Marine Chronometer " instead of " fbe 
Maiine Chronograph." 


PHniti i)n Gfmt 

HamU, WMitm a Vinnf, Id.. md AfUAmf, 



SCIENCE PROGRESS 

RECENT ADVANCES IN SCIENCE 

KAVXBlIATXCHi. By P. Purybr Want, 1£.A.. St. John’s 
Collage, Cambridge. 

History. —G. A. Gibson (Proc, Edin. Math. Soe., 41 , 1923, 2-25) 
gives an account of the mathematical work of James Gregory, 
whose name is remembered in connection with the series for 
are tan *. The material is chiefly taken from his letters in 
Rigaud’s collection and in the Commercium Epistolicum of 
1712. 

G. A. Miller (Science, 68 , 1924, 1-7) gives a survey of 
American mathematics during the past seventy-five years—a 
presidential address to the Mathematical Section of the Ameri¬ 
can Association for the Advancement of Science. The same 
author has also several notes dealing with Greek mathematics 
^cience, 68 , 1923, 288-90 ; School Science and Mathematics, 
19231 330-2 ; School and Society, 18 , 1923, 621-2). 

Algebra. —In the general theory of linear associative alge¬ 
bras, defined in any given field of rationality, an important 
part is played by the algebras which have no divisors of zero, 
the division algebras of Dickson. In the field of all complex 
numbers and in the field of real numbers the problem of the 
determination of division algebras has been completely solved 
by a theorem due to Frobenius, but in any’other* field of 
rationality no non-commutative division algebras are known 
except a type discovered by Dickson and further investigated 
by Wedderbum. This type is obtained as follows: Let 
/(x) «>o be a unberial Abelian equation of degree n in the 
field F, and let its roots be a, — 

. . . where v is a polvnomial of 

degree sf-t at most with coefficients in F. Take a.unit • 
for which the characteristic equation is /(*') -• o, and another 
mat j for which ji -■ 6 (i)f and g, a number of F, this 
being the characteristic equation for j. Then the funda¬ 
mental units of Dickson’s algebra, whiim is of order m*, are 
^ f ■* o, I . . . n-i). If there is no number of F whose 
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norm is a power of g less than the nth, then this a%ebra will 
be a division algebra. Recently Wedderbum (tram. A$mr. 
Math. Soc., 28, 1921, 129-35) has shown that tor a or 3 
the algebras of this type are the only non>commutative divi¬ 
sion algebras of their respective orders, and has raised the 
question whether there exist division algebras of a similar 
type corresponding to any irreducible Abelian equation, not 
uniserial; there would clearly have to be not a single unit j 
but as many as there are roots of the equation. 

If Oo . . . «(.-i “ are the roots of 

the Abelian equation, then corresponding to each there is 
an element of the algebra for which j, i (r — o, 

I, . . . n-i); of these jo is the modulus of the algebra. We 
can now take as the fundamental units of the algebra jo, ij„ 

. . • Ji, Vi, • • • • • • j—i, ijn-i . . . 

these can be shown to be linearly independent. The general 

ii-i 

element of the algebra is then X g,(i)j„ where the g,(i) are 

O 

arbitrary polynomials, of degree n-i at most, with coefficients 
in F. Wedderbum left undecided the question whether such 
algebras actually exist, but stated that he thought it probable. 
F. Cecioni (Rend. Palermo, 47 , 1923, 209-54) has recently 
settled the matter by obtaining examples of such algebras of 
the 16th order. He first investigates algebras of order n* 
of the above type which are not necessarily division algebras; 
and then, confining himself to the case « — 4, adds the con¬ 
dition that there shall be no divisors of zero. He has not 
been able to arrive at any result with regard to whether these 
new algebras are equivalent or not to those obtained by 
Dickson ; but he remarks that it is possible to obtain equiva¬ 
lent algebras beginning with different equations f(x) — o. 

Major P. A. MacMahon (Proc. Camb. Phil. Soc., 81, 1923 
651-4) discusses a problem given in books of mathematica 
puzzles. If a measuring rod divided into n equal segments is 
to be used for measuring any number of segments with one 
operation, certain of the scale divisions will be unnecessary. 
Thus a rod a yard long divided into three feet may have one 
division wiped out without interference with the measurement 
of one, two, or three feet. The problem is simpler for a rod of 
infinite length, and the author gives the first 42 numbers of the 
segmental series required, which he calls the prime numbers 
of measurement. He has calculated the series as far as 1^000, 
347 numbers arising ; but as yet he gives no analytical method 
of dealing with the series. In another paper (ibid., 642-50) 
the same writer discusses the partitions of mfimty. 

Papers by G. Andreoli (Rend. Napoli, 88 , 1922^ 80-5) 
and H. Schmidt (Leipzig Ber., 76, 1923, 25-30) deal with cer- 
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tain classes of determinants which can be expressed as the 
product of rational factors. 

H. W. Turnbull {Proc. Edin. Math, Soc., 41 , 1923, 116-27) 
investigates for double binary forms Gordan’s theorem that 
the complete system of independent concomitants of a given 
form is finite. 

Finite Groups. —G. A. Miller (Bull, Amer. Math. Soc., 89 * 
*923, 394-8) gives a new abstract proof and a generalisation 
of the theorem that if H be any subgroup of a group G of 
finite order it is possible to select a set of distinct operators 
St, s,, .. . 5a, so that every operator of G appears once and 
only once in each of the following two sets of augmented co¬ 
sets of G; 

H + H5, + Hs, + . . . + Hsa, 

H + s,H + s,H + . . . + saH. 

Analysis. —J. C. Burkill (Proc. Comb. Phil. Soc., 81 , 1923, 
659-^3) gives a simple proof of the fundamental theorem of 
Denjoy integration, that the Denjoy integral has almost every¬ 
where the integrand as derivative. 

T. M. Cherry (Proc. Comb. Phil, Soc., 81 , 1923, 711-29) 
obtains the general solution of a system of difference equa¬ 
tions of the form P,(s+ 1)-f{<f>i(s), <t>»(s), . . . p„(s)} (r- 1, 
2, . . . n), in the form ^,(5) - + c„ c,, . . . c„), in 

which the are analytic functions of their n arguments, while 
the c are arbitrary periodic functions with period i. 

G. Belardinelli (Rend, Palermo, 47 , 1923, 193-208) in¬ 
vestigates series of the forms and Scn}P»(x), where 

o o 

p*(«) " with P,(*)-I. Fro- 

benius and Bendixson and more recently Landau have studied 
the cases in which the numbers a are all real and either have 
a unique limit point or tend to infinity; for complex values 
of On ^ + tew the second series has been studied by Schnee 
when cjbn tends to zero, and by Pincherle when the integral 
function which has the a for zeros is of class one. Belardi¬ 
nelli makes the following hypotheses on the numbera 
—(i) f, tends to infinity with n, (2) for every n, 

— !«•<—(3) the series fi/r, is divergent, and 

Q 

(4) the numbers a are the roots of an integral function of 
finite class p, greater than^or equal to one. Particular cases 
are the factorial series Scmn\lx(x+i) . . . (x + n) and its 

analogue 

Ftobenius showed that sero could be expanded as a series 
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of functions of the form (*-o») (*-0^) . . . if 

^(a») is convergent, but he did not give the construction of 

the expansion; Kncherle gave it for the series ; Ber- 

lardinelli gives it for his more general case. 

Two recent papers deal with Mathieu functions ; J. Dougall 
(Proc. Edin. Math. Soc., 41 , 1923, 26-48) obtains asymptotic 
expansions of two independent solutions of Mathieu's equation 

cos h 2* — s*) M — o. 


when the real part of * tends to positive or negative infinity ; 
his method is the direct transformation of the series already 
known. £. L. Ince {ibid,, 82-115} studies what he calls asso¬ 
ciated Mathieu functions, which satisfy the equation 


d*u 
d e 


+ 
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sin*« - 


u 
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This equation turned up in the work of Abraham in 1899. In 
another connection Ince had been led to the integral equation 

u{z) - sin' z sin 's «(s) ds, {k* - 46), 

and it appeared that solutions of this were solutions of the 
differential equation. P. Humbert, however, recently stated 
that this was only true when v is an integer. Ince now proves 
that it holds for all real values of v greater than - J, and also 
that the limits may be taken as o and ir, thus avoiding the 
difficulty of having a branch point of sin's within the range of 
integration. 

Geometry. —^D. M. Y. Somerville (Proc. Edin. Math. Soc., 
41 , 1923, 49-57), whose researches on the partitioning of space 
were noticed in the last number, gives a more detailed descrip¬ 
tion of the four space-filling tetrahedra in Euclidean space. 
The first may be obtained from two equal cubes with a common 
face by taking as vertices the centres B, C of the cubes and 
two comers A, D lying on a common edge; it has the two 
edges BC, AD equal to 2 and the other four equal to V3. The 
solid angles are all equal to a>/24, where a> is the total solid 
angle at a point. Twelve such tetrahedra can be placed 
together to form a rhombic dodecahedron. The second type 
is obtained from the first by dividing it into two by a plane 
of symmetry through the edge AD ; if E is the new vertex 
then AB - BD - Vi, AE - DE - AD - a, BE - i, and 
the solid angles at A,B,D,E are respectively «/48, «/*4» 
Ws* (Six tetrahedra of this type can be phuwd to* 
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^ther to give a cube.) From two such tetrahedra p^ce<ll 
together with the face BDE as a common face we get a te^> 
hedron ABDF of the third type; for this AB - BD - BF - l/J, 
AD««DF=» 2, AF=s 2\/2. The fourth type is obtained from 
the original one by joining the centre S of its circumscribed 
sphere to the vertices; for this AS — BS - CS -■ jVsI 
AB -« AC - Vs, BC — 2. For a proof that these are the 
only types the author refers to his earlier paper. 

The generalisation to three dimensions of the pedal or 
Wallace-line property of the circumcircle of a triangle was 
made by Steiner, who showed that the locus of a point the 
feet of the perpendiculars from which on to the faces of a 
tetrahedron Ue in a plane is a four-nodal cubic surface contain¬ 
ing the edges of the tetrahedron. J. P. Gabbatt (Proc. Comb. 
Phil. Soc., a, 1923, 763-71) examines the extension of this 
to non-Euclidean space of any number of dimensions. The 
same author (Proc. Edin. Math. Soc., 41 , 1923, 108-15) also 
generalises the Tarry point of a triangle to the non-Euclidean 
plane. 

H. Kapferer {Jahresber. D. Math. Verein, 88, 1923, 32-42) 
gives an account of an algorithm for determining the multi¬ 
plicity of the intersections of two algebraic curves. The 
validity of Bezout’s theorem that two curves of orders m, n 
have exactly mn intersections clearly depends upon the concept 
of the multiplicity of the intersections ; to define this we may 
use Liouville’s substitution «■»«*+ vy, with undetermined 
u and V, to replace x. Form the y-eliminant R(«) of the two 
resulting equations, its roots will be of the form -I- w . If 
then R(») contains a factor (*-«f — wi) to the power q, then 
we say that (f, v) is a ^-ple intersection of the curves. All 
methods previously given for actually calculating the number 
q have this disadvantage that the successive processes have 
to be carried out separately for each point of intersection. 
Kapferer’s method, which he likens to Hudde’s rule for deter¬ 
mining the multiple roots of an algebraic equation, makes the 
same calculations serve for all the intersections at which one 
at least of the curves has not a multiple point. If the two 
curves are /(*,y) “ o and g(x,y) - o, then for points at which 
g is not multiple we form tne Jacobian of / and g, the Jacobkm 
of this again with g, and so on; if the first not vanishing 
at a point of intersection is the rth, then the multiplicity of 
the intersection there is r. The author also ogives rules for 
the excepted case and illustrates the method by examples. 

M. du Re {Rmd. Napoii, 88, 1923, 79-88) considers sym- 
jnetiical linear systems of plane curves with 7 base points, 

systems ibaving the same multiplicities at all 7, and obtaiits 
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surfaces in spaces of various dimensions. They contain * 
configumtion of 56 rational normal curves which can be used 
to obtain the 27 lines of a cubic surface and the 28 double 
tangents of a plane quartic curve. In a later paper {ibid., 
105-11) the author investigates a surface of order 8 in space 
of six dimensions, and by projecting from three points obtains 
a quartic surface in ordinary space with three double lines 
meeting in a triple point. For particular positions of the 
plane of projection Noether’s quartic surface with a double 
tac-node may be obtained. 

In 1893 Stackel gave an analytical proof of the theorem 
that if an algebraic curve in space has one and therefore all 
its evolutes algebraic, then its polar developable, i.e. the 
envelope of its normal planes, has all its geodesics (which 
include the evolutes) algebraic. A. R. Lanza {Rend. Pedermo, 
47 , 1923, 271-3) gives a proof of a more synthetic character 
and also proves the converse, viz. that jf a developable has 
all its geodesics algebraic it is the polar developable of an 
algebraic curve with algebraic evolutes. 

H. Mohrmann {Rend. Palermo, 47 , 1923, 153-86) extends to 
all algebraic curves with a continuous automorphic collineation 
group (W-curves) certain theorems discovered in 1908 by 
Marietta for special classes of curves. In a previous paper 
{MtUh. Ann., W, 1923, 260-71) he had shown that every alge- 
braic curve with not more than two singular branches is a 
W-curve, and that the co-ordinates of its points can be ex¬ 
pressed as integral powers of a parameter : 

** ■* - o, I . . . r-1), Jf, - 1. 

The group of automorphic collineations of the r-dimensional 
space is then obtained from the substitution X' — AX and has 
the form -A’****, jfi - Besides the identity (A«»i) 
there is only one involutory collineation, A - - i; to any 
point corresponds its harmonic conjugate with respect to the 
two origins of the singular branches, X -o and X 00 (n>r). 
Forming the equations of the curve in hyperplane coordinates, 
it is at once clear that there are at least 00* polarities witn 
regard to quadric varieties which transform the points of the 
curve into its osculating hyperplanes ; the simplex detenioined 
by the two singular branches is a common TOlar simplex of 
the quadrics. Mohrmann then deals with the curves whicdi 
have the further property that -• n - n*; they have a 
further set of involutory collineations given by X* — BfK. 
For r even the order of such a curve must be even and apart 
from the rational normal curves there are such in space of any 
even number of dimensions greater than or equal to 4. These 
curves have, besides the polarities spoken of above, a fur- 
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ther set of reciprocities ; two of these are involutory and as^ 
polarities with respect to quadrics with the simplex befcoo 
referred to as a tangential simplex. If r is odd, there are two 
cases to be distinguished ; in both there is a set of reciprocities, 
two of which are involutory, but for n even they are both 
null polarities, one transforming a point of the curve into the 
osculating hyperplane there, the other transforming it into the 
osculating hyperplane at the harmonic point ; for n odd the 
second is a polarity with respect to a quadric. All these 
special W-curves have a single infinity of principal chords, 
».«. chords which lie in the osculating hyperplanes of both 
their points. These chords effect an involutory [n — r] corre¬ 
spondence between the points of the curve ; for n even and 
f odd this splits up, however, into two rationally separated 
parts, a [n — f — ij and a [i], the latter transforming a point 
into its harmonic conjugate. The ruled surface of the prin¬ 
cipal chords in this latter case consists of two parts of orders 
(n — r — i) (n — n,_i) and n —«», where is the smallest 
odd exponent in the parameter representation of the curve ; in 
all other cases it is an irreducible surface of order (« — r) 
(n — n,-i). The author remarks that the sum of the orders 
of the two parts will not always be equal to (« - r) (n - th-i), 
and draws the moral that the principle of the conservation of 
number is to be used with caution. A further result is that all 
W-curves of this special type lie on §(r — i) or linearly 
independent quadrics. The remainder of the paper deals in 
more detail with curves in space of three dimensions ; the 
special W-curves are asymptotic curves on the surface formed 
by the axes of the second set of collineations. The axes belong 
to a linear congruence, and thus in the representation of lines 
by the points of a quadric variety in s-dimensional space the 
surface of the axes corresponds to a curve on an ordinary 
quadric with a non-vanishing discriminant. This curve again 
is a special W-curve and its axes form a surface represented 
by the original curve. Some of the results of the paper hold 
abo for transcendental W-curves which can be exposed 
parametrically in a similar form, with the n* no longer rational. 

- C. G. F. James {Proc, Camb. Phil. Soc., 81 , 1923, 610-24) 
discusses a few cases of complexes of space cubic curves ; and 
L. Godeaux (ibid., 576) contributes a bibliographical note to 
James's earlier paper on the analytical representation of con¬ 
gruences of conics. 

It is well known that in four-dimensional space the planes 
which meet four lines also meet a fifth ; C. G. F. James (Proc. 
Cmib. Phil. Soc.f 81 , 1923, 664-84) proves a theorem which 
may be regarded as an extension of this, namely, that those 
Uisecant planes of a rational normal quartic curve which meet 
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tt line all meet a second such curve. This theorem l»id af)|«- 
rently already been noticed incidentally by Segre; James 
shows that the natural place of the theorem is in space of 
seven dimensions. 

It is perhaps worth pointing out in this connection how 
the quality of the mathematical papers conununicated to the 
Cambridge Philosophical Society has improved, after a tem¬ 
porary slump, during the past year or so. The Society is 
rapidly regaining its position, if it had ever lost it, as one of 
the leading scientific societies in the world, and its publications 
must be consulted by all who wish to keep abreast with mathe¬ 
matical research. 

In 1899 G. Humbert showed that certain singular Abelian 
functions can be taken for the co-ordinates of the points of 
a hyperelliptic quartic surface with 15 nodes. Later C. E. 
Traynard (Annates £cole Norm. Sup., S 4 , 1907, 77-177) exa¬ 
mined a surface of this type by means of^ non-singular Abelian 
functions of divisor 3 and determined "its curves ; and L. 
Remy {Bull. Soc. Math., 86, 1907, 53-69) classified the different 
types of surface for divisors of the form 2p* + i. Two recent 
papers have app>eared on this subject : C. E. Traynard (Comptes 
rendus, 178 , 1923, 560-2) examines the relations between the 
cases of singular and non-singular Abelian functions, and 
M. Piazzolla-Beloch (Bend. Palermo, 87 , 1923, 182-92) in¬ 
vestigates systematically the curves on the surface. All 
algebraic curves on the surface are of even order ; there are 
10 conics, the curves of contact of 10 tropes, and 4 pass through 
each node. There are 15 pencils of twisted quartics of genus 
I, each passing once through 8 nodes and cutting the singular 
curve (of order4r) in 4r points. For r> i there are no others, 
but for r — i there are 6 other pencils, each passing through 
5 nodes and cutting the singular curve in 7 points, and 6 
pencils through 5 nodes and cutting the singular curve each 
in I point. 

G. Kowalewski (Leipzig Berichte, 76 , 1923, 15-24, 81-5, 
86-90) has a series of papers dealing with plane transforma¬ 
tion groups. If G be such a group, then we can in an infinite 
number of ways make correspond to any singly infinite system 
of curves another such system whose relations to the first 
sjrstem are invariant under the group G. Such a system is 
called a covariant trajectory system. For the group of displace¬ 
ments they are the systems of isogonal trajectories, but in this 
case there is a peculiar feature in that the relation to the 
original system persists under a larger group. The new theory 
depends upon the existence of certain mixed differential- 
mvanants which can be obtained by quadratures from the 
Infinitesimal transformatioirs of the grou^ G, Tjbe ptfiei: tWP 



mRE MATHEMATICS JW 

wip«re with the derivation of the curve element and the 
Mw^t differential invariant of a plane transformation group 
from the infinitesimal transformations and from the denning 
equations of the group without any intonation. 

J. A. Schouten {Jakresber. D. Math. Verein., 88, 1933, 91-6) 
gives an account of the development of the “ Ricci-Kalkttl/' 
which was first invented in 1887 by Ricci following on the 
work of Beltrami on differential parameters, but which was 
neglected until the Relativity boom turned men's attention to 
the differential geometry of non-Euclidean space of any number 
of dimensions. 

rarSIOS. By J. Ricb, M.A., Univetsity, Liverpool. 

In the notes which the writer contributed to this section of 
the last number of Science Progress attention was directed 
to the riddle which confronts Theoretical Physics, viz. how 
to unite the two seemingly contradictory hypotheses of an 
undulatory and a corpuscular nature for radiation, each one 
of which is nowadays employed to " explain ” a certain group 
of the experimental evidence. Every day the position becomes 
more perplexing. Thus, in the Physical Review of May 1933, 
Prof. A. H. Compton of Washington University (St. Louis), 
and in the September number his colleague. Prof. G. E. M. 
Jauncey, bring forward a quantum hypothesis in a region where 
for long it was believed that the theory of the continuous, co¬ 
herent wave provided a quite adequate foundation for mathe¬ 
matical development, viz. in the scattering of X-rays by light 
elements. Twenty years ago J. J. Thomson provided a theory 
for this phenomenon on classical lines and the experiments of 
Prof. Barkla fully supported it; in fact, this combination of 
theory and experiment was the first to yield data from which 
could be drawn, some justifiable conclusions as regards the 
number of electrons in a definite atom. But more recent 
experiments have shown that the predictions of the Thomson 
theory are only correct when X-rays of moderate hardness 
ate employed. When very hard X-rays or y-rays are used, 
the scattered energy is found to be decidedly less than Thom¬ 
son’s theoretical value, and to be concentrated strongly on 
the emergence side of the scattering plate. Still more recent^ 
another serious difficulty with the older theory has arisen. 
Thomson’s reasoning, based on the view that scattering electrons 
radiate ^cause of the vibrations forced on them by tw prunmy 
radiation, necessarily leads to the conclusion that the scattered 
radiation has exactly the same wave-length as the primary. 
Now it has long been known that secondary y-rays are softer 
lihfui the primaiy^ rays whjch e^cjte them^ and Compton haff 
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shown within the past two years that X-rays scattered from 
graphite (the primary rays being the K-radiation of molybde¬ 
num, and the secondary being almost undoubtedly a true scat¬ 
tered radiation unmixed with fluorescent, characteristic ra3rs) 
have, apart from a small fraction (whose existence is even 
doubtful), a wave-length greater than that of the primary. To 
explain the actual facts Compton puts forward the hypothesis 
that the X-ray radiation consists of actual energy-quanta, which 
have such dimensions that each quantum is able to " collide ” 
as it were and expend part of its energy and momentum 
upon some particular electron. This electron in turn scatters 
the ray in some definite direction. There is a change in the 
momentum of the X-ray quantum due to the change in its 
direction, this resulting in a recoil of the scattering electron. 
The energy is thus less in the scattered quantum than in the 
incident by the kinetic energy of the electron’s recoil. The 
eouations of energy and momentum pjovide two equation 
which are sufficient to give the increase in wave-length in 
terms of the angle between the incident and scattered ray. 
The further problem of working out the distribution of the 
intensity of the scattered radiation raises certain points which 
are treated somewhat differently by Prof. Jauncejr in his 
paper. But either Compton’s or Jauncey’s conclusions are 
much more consistent with the facts than those of the older 
theory, even when that theory is extended by assuming that 
there may be interference between rays scattered by different 
parts of the electron in the case where the diameter of the 
electron is comparable with the wave-length of the radiation. 

Now such a theory is frankly corpuscular and adds one 
more example to the growing list of phenomena where cor¬ 
puscular ideas seem to be ousting the old, familiar notion of 
the continuous, coherent wave. And yet we cannot merely 
ignore all the phenomena of diffraction and interference. Some 
reconciliation must be effected, and the undulatory views must 
be given their due share of importance. In that direction 
there have appeared, within the past year or so, some vei^ 
interesting speculations by M. Louis de Broglie. They will 
be found in the Journal de Physique (Nov. 1922), and in the 
Comptes Rendus of 1923. In the February number of the 
Phil. Mag. he has published a ^per on a “ Tentative Theory 
of Li^ht Quanta.” The following is a concise statement of 
his views. 

We have to consider two aspects of all phenomena, vi*. 
propagation of energy or mass (the two are identical on rela¬ 
tivistic lines) and the existence of a vibratory feature in any 
occurrence. Every mass is an amount of energy, and is thta 
connected by Planck’s h» law with a vibrational frequency. 
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Mow* if we direct our thoughts back to familiar things, we find 
a very striking fact in the propagation of a train of waves, 
viz. the existence of two wave-velocities, the velocity of the 
“ phase-wave ” and the “ groups velocity.” No actual train 
of waves in the treatment of actual oscillatory phenomena, 
such as sound-waves or water-waves, has the ideal unifrequentic 
character often assumed in theoretical treatment. Any train 
of waves is limited in extent, yet it can be shown that they 
are ” equivalent ” to or are the ” resultant ” of a number of 
ideal unifrequentic waves of unlimited extent and with periods 
lying within a narrow range of frequencies. This is a matter 
of the familiar Fourier analysis. Now if, as is usual, the 
velocities of such ideal ” phase-waves ” depend on their wave¬ 
length {i.e. if the medium is dispersive), the actual velocity 
of the train or " group ” of waves is quite different from that 
of the Fourier constituents. Anyone observing a train of 
water-waves can often appreciate this fact in a striking manner ; 
the middle of the train where the amplitude is greatest seems 
to go slower than the actual separate waves ; fixing one’s 
attention on a particular crest, it seems to advance through 
the train dying out as it does so. Now, clearly, if we concentrate 
our attention on the transport of energy, we must consider 
the velocity of its transport as the group-velocity ; from that 
point of view the phase-waves or Fourier constituents are 
entirely a mathematical fiction. Yet when we come to optical 
phenomena, in which the idea of group-velocity has played 
a very prominent part, as every reader of the familiar text¬ 
books will know, it is on the ” existence ” of these ideal, 
monochromatic phase-waves that we rely for our explanation 
of interference, although we are perfectly sure that light is 
actually emitted in limited ” pulses ” or wave-trains. (The 
writer has stressed this point and put it first, thus distorting 
the order of M. de Broglie’s exposition ; for he thinks that this 
is the essence of the idea apart from the special relativistic and 
quantum ideas which provide the material for de Broglie^ 
more detailed and mathematical treatment.) 

Supposing now we introduce the idea of ” light-quanta,*' 
as so much experiment seems to be quite conclusive in favour 
of their actual reality. Choosing the simplest assumption 
we adnut that all light-quanta are identical; they differ slightly 
in velocity. Let their ” rest mass ” be »»„ so that on relativistic 
vkws the energy of a light-quantum whose velocity is », is 
m%e*, where a - (i - ©•^[e*) The various light-quanta have 
slightly different velocities, also slightly differing from the 
limiting Einstein velocity, c, by amounts which cannot be 
dbstected by experiment. Now each light-quantum is the 
seat of some internal vibratory motion whose fiequency is 
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determined by the ene^ m^c* hrom which arises the inrnttia 
of the rest-mass, imq. This determines a frequency given 
by the equation— 

(i) 

{h is Planck’s constant.) 

But the energy of the light-quantum in motion is associated 
with a frequency v given by— 

hv — am^c* (3) 

or 

V - av ^ (3) 

As V is so near c that a is large, it is consistent with the 
facts to assume that is at most of the order lo"** gram. 

Now relativity ideas suggest another frequency. If the 
observer were actually looking at the, internal vibration in a 
moving body, he would observe for it, after allowing for the 
DSppler effect on classical lines, not *», but v^ where v, — vja, 
so that 

p - a*p^ (4) 

(This is the well-known relativity effect of an occurrence ap¬ 
pearing to go slower on a body moving relative to the observer, 
than on one fixed relative to him.) 

We now have two frequencies v and derived by relativistic 
considerations from a fundamental vibration v,, one connected 
with the actual total energy transported, the other connected 
with the actual appearance of the internal vibration to the ob¬ 
server in whose frame of reference the moving body has the 
velocity v. 

Here M. de Broglie introduces the new concept of a “ ficti¬ 
tious wave” {pndefictive), which plays a fundamental part in 
his speculations, and proves an important theorem for it. Sup- 
posi^, he says, that, at a given instant, the moving body is 
situated at a point in a wave of frequency v which b advandz^ 
in the same direction as the body but with a velocity c*/», i.e. 
effi (where 0 » v/c), and at this point it happens that at this 
instant the internal phenomenon of the moving body is in 
phase with the wave, then this harmony of phase will always 
persist. True, the body is as it were always falling behind 
relative to the wave, since /9 < i, but it will always find itself 
in a part of the wave ” harmonising ” with its own jdwse 
as viewed by the ” fixed ” observer, if it is in such a harmony nt 
the initial instant. Thus at time / the body is at a distance 
«vt from the origin, and the phase of its internal motion m 
pfewsd by the fixedobserper is given by sin t, i.e. sin airi', xfv. 
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If tlw wive has the same phase at the initial instant, it has at 

X the i^se sin since its velocity is assumed 

to be c{0. The phases are the same if 

V \v cf 
i.e. — I' (i — i 9 *) — vja' 
which, by (4), is true. 

Thus we can associate with the transport of energy in a 
corpuscular form a wave whose connection is apparently a pure 
mathematical fiction, but really no more a fiction than the 
Fourier constituents of an actual vibratory motion. Indeed, 
the analogy goes deeper; for it is a well-known theorem 01 
group velocity analysis that 



where u is phase velocity (a function of v) and v is the group 
velocity of a train of waves made up of Fourier constituents 
whose frequencies do not differ much from v ; and actually if 
we put V equal to a and « c/fi, we find that v -• / 9 c. 
Hence the result: the velocity of a moving body is the 
energy velocity of a group of waves having frequencies 
V -> —/fl*) and velocities c //9 corresponding to slightly 

different values of / 9 . 

All this refers to rectilinear uniform motion. When we 
take up the case of variable velocity matters become more 
vuue, and we can only grope forward to a new theory, which 
wiU probably gather Dynamics, Optics, and Electro-ma^etism 
under one set of principles. Thus, if a body describes a curved 
path we say that there is a field of force and the potential ener^ 
at each point enables us to calculate a body’s velocity as it 
goes through this point from its whole energy. It therefore 
seems natural to suppose that the phase-wave must have at 
luay point a velocity and a frequency fixed by the value wluch 
0 would have if the body were there. If we know its velocity 
of proi»g^tion at each point we can determine the manner m 
wl^h it is propagated, and hence the paths of its rays, A 
ntwolectrq-ma^etism will be necessa^ to give us the lav« 
of this new kind of prop^tion, but it is probable that its final 
result will be : ’* the rays of the phase-wave are identical with 
the paths of the body which are dynamically possible.'* M. de 
fotlglie indicates how Fermat’s optical principle of Least Time 
aMI principle of Least Action for a single paitide may be 
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exhibited in a similar mathematical form in terms of the previous 
ideas. He also points out a very interesting feature of the 
orbits of an electron as determined in atomic theory by Bohr’s 
method. It is this : suppose the electron is at a point of its 
trajectory and is in phase (in the manner explained above) 
with a phase-wave at this point; if the wave goes round 
the orbit and once more overtakes the electron it is still in 
phase with the electron if the orbit is a quantum one, but not 
otherwise. 

We seem here to be approaching a method of fitting together 
the quantum ideas and the wave ideas. Consider the body 
to be one of the free light-quanta referred to above. The atom 
of light whose whole energy is hv is the seat of an internal periodic 
phenomenon which, for a fixed observer, has at each point 
the same phase as a wave spreading in the same direction with 
a velocity very little greater than c. When a phase-wave 
crosses an excited atom this atom has a certain probability 
of emitting a light-quantum determined at each instant by 
the intensity (probably electric) in the wave. So when an 
atom emits a light-quantum a spherical phase-wave is simul¬ 
taneously emitted, and crossing over neighbouring atoms of 
the source will excite other emissions ; all these light-quanta 
will have their internal phenomena in phase and coherent, and 
will be thus connected with a definite phase-wave. 

This statement is necessarily too brief to do more than 
adumbrate the ideas in this fascinating paper, to which the 
reader is referred for further information. Enough has been 
said, however, to show how it may be possible to link energy 
transport in a corpuscular form with a group of waves ; how, 
in treating these waves, the idea, now fairly prevalent, that 
the Maxwell vectors are but average values of something which 
cktermines probability of light emission when an atom is 
situated in the wave, is introduced ; and how, if these phase- 
waves in crossing one another interfere and so reduce this 
probability to zero, we get no light emission from atoms there, 
i.e. no photographic or scattering effects— i.e, the black bands 
of fringes—and this even if the number of energy quanta be 
very small, i.e. the light intensity of the interfering sources 
very feeble. 

OMAVIC OXBimnT. By O. L. Biui>y. D.Sc., F.I.C.. Uaivacrity 

College, London. 

A Niiroarylhydroxylamims and 7 'e/raw/fo 5 «»w«»*s.—Though 
compounds of the type of 2 :4-dinitrochlorobenzene react 
readily with hydrazine to give, for example, dinitrophenyl 
hydrazine, (NO,), C,H,C 1 + 2NH,.NH,->- (NO,),C,H^H .NH, -h 
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NHf.NH,, HQ, attempts to prepare the /S-nitroarylhydroaral- 
amines by an analogous method have not been successl^ 
Borsche (Ber. 1923, 50 i [B], 1494, 1939), however, has succeeded 
in obtaining compounds of this type by the action of hydro- 
xylamine on the polynitroaryl ethers such as 2:4 — and 2 :6- 
dmitroanisole and 2:4:6-trinitrophenetole in alcoholic solution 
(compare also Michael and Browne, J. Pr. Chem. [2], 85 , 358). 

(N 0 ,),C,H, 0 CH, + NH,OH -> (NO,),C,H,NHOH + CH,OH. 

The polynitroaryl hydroxylamines so produced are acidic 
in character, they form sodium salts and can be acetylated 
with acetic anhydride giving, for example, O-acetyl-^S-a : 4- 
dinitrophenylhydroxylamine (NO|)a.C,HjNHO.COCHj. They 
are stable when dry but decompose in solution with the libera¬ 
tion of nitric oxide and the production of tarry compounds, on 
oxidation with fuming nitric acid (D - i * 54) the hydroxyl- 
amino- is converted to the nitro-group. The latter reaction 
is of particular interest in coimection with 2:4:6-trinitro- 
phenylhydroxylamine since it leads to the production of 
1 :2 :4 :6-tetranitrobenzene which consists of yellow needles 
melting at 125-6®. Numerous attempts have been made to 
prepare a tetranitro-benzenoid hydrocarbon. Drost {Annalen, 
1899, 807 » 49) by the nitration of o-dinitrosobenzene obtained 
4 : 6-dinitro-i : 2-dinitrosobenzene m.p. 172®. Nietzki and 
Dietschy {Ber., 1901, 84 » 55) by the action of picryl chloride 
on hydroxylamine hydrochloride stated they obtained a dinitro- 
dinitrosobenzene m.p. 133®, to which they assigned the same 
formula as that of Drost, and that by the action of fuming 
nitric acid they obtained tetranitrobenzene m.p. 116®. WiS 
{Ber., 1914, 47 , 704), however, showed that Nietzki’s dinitro- 
dinitrosobenzene was impure, consisting of Droust's compound 
mixed with picric acid, and was unsuccessful in his attempts 
to oxidise the pure dinitro-dinitroso-derivative. Nietzki also 
claimed to have obtained /8-2 :4 ; 6-trinitrophenylhydroxy- 
lamine (m.p. 174®), but the unusual behaviour of his product 
on hydrolysis suggests that he was not dealing with this com¬ 
pound and Bors^e reinvestigating has come to the conclusion 
that the supposed /9-2 :4:6-trinitrophenylhydroxylamine was 
a mixture of picric acid and picramide. 

The fourth nitro-group in tetranitrobenzene is, as would be 
e;pected, readily mobile, dilute sodium hydroxide solution or 
, nitric acid (D -«1.4) replaces it by the hydroxyl-group giving 
picric acid, with aqueous or alcoholic ammonia the tetranitro¬ 
benzene gives picramide, whibt aniline gives 2:4:6-trinitio- 
diphenylamine. 

As tetranitrobenzene approximates to a balanced explosive 
tibe study of its explosive properties should be of interest, 



fli SCIENCE PROGRESS 

though its unstabte nature would probably tnake it uaeleap 
for industrial purposes quite apart the difficulty of pre¬ 
paration. 

The Stereochemistry of Tervalent Nitrogen ,—The fundamental 
postulate made by Hantzsch and Werner when putting forward 
their stereochemical hjrpothesis to account for the isomerism 
of the oximes was that the three valency directions of the 
doubly-linked nitrogen atom did not lie in one plane. At the 
time there was no proof of this assumption, and investigations 
of simple compounds of tervalent nitrogen tended to show 
that, where three different groups were attached to the nitrogen 
atom (oicN), the valency directions lay in one plane, all at¬ 
tempts to resolve such compounds into optical enantiomorphs 
being unsuccessful. 

Mills and Bain {Trans. Chem. Soc., 1910, 97 « 1866) studied 
the oicime of cyclohexanone-4-carboxylic acid. If the valency 
directions of the nitrogen atom do not, lie in one plane the 
synthetic oxime would consist of a mixture of two enantio- 
motphouB forms [i] and [ii], but if they are coplanor [iii] this 
is not possible as the molecule would then possess a pla^ of 
symmetry at right angles to that of the paper. 



Mills and Bain separated the oxime into two optically 
Mtive forms, thus indicating that the assumption ma^ by 
ttantzsch and Werner was correct. The argument was, hpw- 
<iyit€ conclusive as the optically active compounds 
ODtained might have been the two forms of the tautomeric 


HO.NHC 


/CHg.CHts^ 

Vh.ch / 


CH.COsH 
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and thus not contain the ox|mino-<group. In order to Tcmow 
the possibility of such tautomeric change Mills and Schindler 
(Trans. Chan. Soc., 1923, 1&8» 312) have investigated the 
pyridylhydrazone of cyclohexyleneditniocarbonate [ivj. 


H,C 

uj: 




CH.S 


CH.S 

\ / 

CH, 


^C;N.NH.C,H,N 

[iv] 


The pyridyl residue was sufficiently basic to ensure salt forma¬ 
tion and by fractional crystallisation of the d-bromocamphor- 
sulphonates they managed to obtain d- and /-forms of the 
hywazone though not in a state of optical purity. It follows 





that the compound has no plane of symmetry such as it would 
possess were the three valency directions of the doubly-linked 
nitrogen atom in one plane (Fig. i). If these valency direc¬ 
tions do not lie in one plane it is obvious that enantiomorphous 
forms are possible depending u^n whether the NHPy group 
projects on one or other side (Figs. 2 and 3). 

A New Method of resolving Optically Active Compounds.-^ 
Willst&tter (Ber., 1904, 87 i 3758) seems to have been the first 
to stu^t that asymmetric protein-like compounds might 
selectively absorb the optically active components of racemic 
dyes leading to resolution, but at that time no asymmetric 
dyes were miown. Porter and Hirst (/. Amer. Chem. Soc., 
toi9^ fl« 1264) prepared a number of such compound and 
botained evidence of selective absorption of one of them by 
wool, though only of a qualitative nature. Ingersoll and 
Adaw (ibM., 1922, 4 I» 2930]^ state that they ol^ined evi¬ 
dence of the selktive absorption t^ wool of dyes of the type 

55 
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R.CH{C 0 ,H).NHC 0 (;H..N,.C,H.N(CH,),,. Porter and Ihrif 
1993, 46 t 1990) have now succeeded in achieving ahnoi^ 
complete resolution of a racemic mixture of an asymmetric 
dye-stuff by selective absorption. The compound employe^ 
was racemic m-azo-d-naphthol mandelic acid ; m-nitromandelic 
acid [vii] was prepared from w-nitrobenzaldehyde [v] in the 
usual way through the cyanhydrin [vi] and was reduced to 
m-amino-mandelic acid [viii] ; this amino-acid was resolved 
through the cinchonine salt and the d- and /-w-azo-yS-naphthol- 
mandelic acids [ix] prepared by diazotising the optically active 
compounds and coupling with /8-naphthol. 


H 

/ 

(m) N0,.C,H4.CH0->N0,.C,H,C—OH- 

\ 

CN 


H 

/ 

N0,.C,H4—OH->- 
COOH 


[v] [vi] * [vii] 

NH,. CgH.. CH(OH). COOH 

->-HO.C:„H,.N : N.C«H*.CH(OH).COOH 

[viii] [ix] 

The enantiomorphous forms, which give optically clear 
solutions, are identical in most of their properties but have 
equal and opposite rotations, [a]D 49® db S“» When wool 
was dyed in a racemic mixture of these dyes both forms were 
taken up, but at different rates and by using an excess of 
wool during 72 hours the residual dye in solution was found 
to consist almost exclusively of the laevorotatorv form. No 
mention is made in the paper of the nature of the racemic 
mixture employed, whether it was the natural one prepared 
from the inactive m-amino-mandelic add or an artindal one 
obtained by mixing equal amounts of the two active forms. 

A Ntw Carbohydrate .—In an examination of the aqueous 
extract of cabbage leaves Buston and Schryver {Bioch^. 
1923, 470) have isolated a crystalline com^und which 

they consider to be a simple disaccharide. Analysis and 
molecular weight determinations indicate the formula C«H,Q, 
and the compound gives a tri-benzoyl-derivative. The auth^ 
assign to it the structure [x] and suggest that it is derived 
from glycollic aldehyde [xi] and formaldehyde [xii] reacting in 
their hydrated forms. 


CH,OH HO CH,OH 

I /OH HCH ^ <!h0H-0-CH,0H 


C»] [xii] 


W 
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The compound is not, however, hydrolysed by heating with 
S-io per cent, hydrocmoric add. If any quantity of this 
compound is available a more complete chemical investigation 
should yield interesting and important results. 

ttSOSOOT. By Dr. G. W. Tyrrbix. F.G.S., A.R.C.Sc., UnivenHy. Glasgow. 

Metamorphism and Metamorphic Rocks. —^The conditions under 
which rhombic pyroxenes are formed during the thermal meta¬ 
morphism of various types of sediments and igneous rocks are 
discussed by Dr. C. E. Tilley (Geol. Mag., M, 1923, pp. 410-18). 

Prof. J. J. Sederholm has just published another instalment 
of his ^at work on the Archaean of Finland under the title, 
“ On Migmatites and Associated Pre-Cambrian Rocks of South¬ 
western Finland. Pt. I, The Pellinge Region ” {Bull. Comm. 
Geol. Finlande, No. 58, 1923, pp. 158). He has established 
the existence of two Pie-Cambrian formations of basic lavas 
and tuf& along with sediments, each with its own suite of 
dykes. With the aid of these dykes Sederholm has been able 
to demonstrate no less than four, and possibly five, separate 
periods of granitic intrusion in the Pre-Cambrian. Each of 
these has produced the veined, dissolved, and hybridised 
rocks which Sederholm has named migmaiiie. The meta¬ 
morphism of the rocks has been mainly chemical in origin, 
and is due to the interaction of granitic magma with various 
kinds of lava and sediments. The extraordinary perfection of 
exposure in the hundreds of wave-cleaned islets in the Pellinge 
region has enabled Sederholm to arrive at the above definite 
conclusions in an area of most complicated geological struc¬ 
tures. His final theoretical conclusions are reserved for a 
later work. 

In a re-examination of the Start area (South Devon), Dr. 
C. E. Tilley has found that the structure of the district may 
be described as an anticlinorium with its axis pitching west¬ 
ward (puart. Joum. Geol. Soc., 79 , pt. 2, 1923, pp. 172-204). 
There is a major horizon of green schists resting on a lower 

E >up of mica schists. Hie main metamorphism is believed to 
ve been effected in the Pre-Cambrian. The green schists 
are of igneous origin, and probably represent contemporaneous 
lavas of basaltic composition with associated sills of dolerite. 
The schists in general exhibit a low grade dynamic metamm:- 
phism, and find their place in the epi-zone " of Grubenmaisn's 
classi^tion. 

G. W. Bain writes on almandine and its significance in the 
oohtact zones of the Grenville Limestone (^ebec) {Joum. 
Geek, tL, 1923, pp. 617-49). The metamorphum has beenpro- 
dtibed by the mtrusion of the Laurentian granite. The field 
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work shows a zonal arrangement of rock types, leading from 
the original crystalline limestone, through diopside-woUas- 
tonite simrn rocks, felspar-garnet rocks, biotite-^rnet-^eiss, 
biotite-gneiss, to the granite itself. The changes are bwieved 
to be due to progressive pegmatisation and replacement, such 
that each succeeding (outward) zone is enriched in those con¬ 
stituents in which the preceding one is impoverished. 

The serpentine rocks of Connemara, described by Dr. H. B. 
Cronshaw {Geol. Mag., 60 ,1923, pp. 467-71), fall into two classes, 
the ophicalcites, and the serpentinised basic igneous rocte. In 
the former the serpentine is derived partly from forsterite and 
partly from tremolite in de-dolomitised metamorphic lime¬ 
stones. The second class occurs as small masses in the schists 
and gneisses, and has suffered considerable stress action, 
producing schists of the talc-tremolite-anthophyllite type. 

Dr. C. E. Tilley has described the metamorphic limestones 
collected from the moraines at C. Denison, Adelie Land, 
Antarctica (Aust. Antarctic Exp., 1911-14, Sci. Repts., Ser, A, 
vol. 3, Geology, 1923, pp. 231-44). There are numerous minera- 
logical types which have l^en produced from both dominantly 
calcic and dominantly magnesian limestones, of varying degrees 
of purity, by thermal and dynamic metamorphism. While 
complex silicates such as epidote, tremolite, pyroxene, etc., 
have been produced, the maximum degree of metamorphism 
in calcareous sediments, indicated by the formation of woUas- 
tonite, has not been attained. 

In the same publication (pp. 259-80), Dr. F. L. Stillwell 
describes the amphibolites and related rocks of the C. Denison 
moraines. Numerous types of amphibolite, eclogite, mag¬ 
nesium-silicate gneiss, and plagioclase-gneiss, are described, 
which fall into the meso- and epi-divisions of Grubenmann's 
classification. 

Dr. Stillwell has also described a metamorphic series of 
great complexity comprising the rocks in the immediate neigh¬ 
bourhood of the great Broken Hill lode, New South Wales 
{Mem. Geol. Surv., New South Wales, No. 8, 1922, Apmndix II, 
pp. 354-96). The original sedimentary roci^ whicn encom¬ 
passed the lode are now quartzites and sillimanite-cordierite- 
gneisses. Original igneous rocks which were intruded into this 
sedimentary series are^ now amphibolites, pegmatites, and 
augen-gneisses. There is also a younger senes of ejridiorite 
f metamorphism has taken place under conditions 

of high uniform pressure and high temperature, corresponding 
to Grubenmann’s kata-zone. There are numerous sh^r ana 
crush zones along which a dynamic metamorphism has been 
•ttP®nn^3ed upon the main type. 

Mr. E. B.BaUey(GeoI. .Wag., M, 1923, pp. 317-30) has discussed 
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tite mdes of metamorphism in the south-western Highlands 
in relation to his structural conceptions (see Science ProgrbsSi 
zvii, 1933, p. 313). His map shows four ^ades of metamorphism 
on an increasing scale from (politic) types with inconspicuous 
mica, then mica conspicuous, mica with albite, and finally 
mica with garnet. The metamorphic zones, the outcrops of 
which agree only very roughly with the structural outcrops, 
are superimposed upon one another in order of increasing 
crystallisation from above downwards, and their surfaces of 
separation are inclined mostly to the north-west. The albitic 
and Mrnetiferous types of metamorphism are contrasted; 
with Mr. Cuimingham-Craig, Mr. Bailey agrees that garnet 
indicates a more thermal, albite a more hydrothermal meta¬ 
morphism. When albite or garnet is enclosed in a schist 
undergoing shearing stress, the mineral may respond either by 
rodding or by rotation. Rodding occurs when the mineral is 
figuratively “ dead,” and is easily broken up into rods elongated 
parallel to the foliation. Rotation occurs when the mineral 
K ” alive,” and actively growing. It produces crystals with 
spirally-arranged lines of inclusions. 

Wt. E. M. Anderson has produced yet one more reading 
of the Dairadian succession, based upon work in the Schichal- 
lion district of Perthshire (Quart. Journ, Geol. Soc., 79 , pt. 4, 
1933, 433-45). He believes that the Schichallion Quartzite, 
formerly taken as a single unit, is really composite, and consists 
of a central mica schist and marginal components which are 
quartzites of different characters. On the one side of the 
miartzite group is a graphitic schist and a succession following 
this in the order previously determined by the Geological 
Survey. On the other side is a boulder bed, and a further 
succession of limestones and schists. Mr. Anderson’s evidence 
leads to the view that the last-mentioned rocks are the oldest 
of the series, and that the Ben Ledi Grits are the youngest. 
This reverses the generally accepted order; but the validity 
of the evidence depends largely on an assumption that the 
Schichallion BoUlder Bed is a tillite. 

R'of. T. J. Jehu, in collaboration with Mr. R. M. Craig, 
continues his studies of the geology of the outlying western 
isles of Scotland with a paper on the Barra Isles, the southern 
termination of the Outer Hebrides (Trans. Roy. Soc., Edin¬ 
burgh, 69 , pt. 1,1923, PP* 419-41 )• The islands consist of Archsean 
gneiss of igneous ori^n and of varying mineral characters, 
which shows in great perfection the development of “flinty 
crush rock ” along zones of dislocation. A series of Cainozoic 
dykes of olivine-dolerite, crinanite, and camptonite forms the 
only other rock groim within the area desq-ibed. 

igneous Rocks .— L. H. Adams and £. D. WilUamson have 
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detennined the compressibility of certain minerab and roda 
under hydrostatic pressures up to t3,ooo megabars, corre* 
spon^ng to the depth of 40 kms. below the earth’s surface 
(Joum. Franklin Inst., 196,1933, pp. 47S*“S*9)* The chief petro¬ 
logical result is that, eliminating the effected of porosity, the 
compressibility of rocks increases with basicity. From the 
values of the bulk modulus (reciprocal of the compressibility) 
and of the rigidity, the velocities of the two kinds of waves 
transmitted through the earth were calculated for the various 
types of rocks. The value usually taken for the initial velocity 
of the longitudinal vibrations is a little over 7 kms. per second, 
whereas for dunite the calculated value is 7*4 kms. per second. 
Hence the experiments confirm the view that basic or ultra- 
basic material dominates at a relatively small depth in the 
crust. 

In the eighth paper of his present series on the {physical 
chemistry of the crystallisation and differentiation of igneous 
rocks Prof. Vogt {Joum. Geol., 81, 1923, 407-19) deals with 
the temperature interval of crystallisation in typical examples 
of the contrasted groups of the anchi-monomineralic and the 
anchi-eutectic rocks. 

Dr. H. S. Washington suggests a new test of the Wegener 
hypothesis of continental rift and drift by comparing the 
petrographical provinces on either side of the supposed great 
nactures, as, e.g. the Atlantic rift {Joum. Wash. Acad. Sci., IS, 
*923» 339”47)* He comes to the conclusion that the petro- 
naphical evidence is, on the whole, adverse to the Wegener 
hypothesis. 

Prof. A. Lacroix has introduced the term doliomorpkie 
{Comptes Rendus, Paris, 177,1923, pp. 661-5) to indicate igneous 
rocks in which minerals occur, such as' quartz, olivine, analcite, 
which are abnormal in respect to the chemical composition. 
Thus the presence of quartz in highly micaceous rocte, or in 
rocks otherwise basic ; the presence of olivine in rocks which 
have an excess of silica ; or of analcite in rocks showing no 
normative nepheline; are examples of the reactional occur¬ 
rence of these minerals in doliomorphic types. 

pr. N. L. Bowen returns to the discussion of the origin of 
melilite in igneous rocks {Jour. Wash. Acad. Sd., 11, 1923, 
1-4) in referring to Scheumann’s recent work (see Scuutcx 
Progress, xvii, 1922, p. 364). In an earlier paper he su^ested 
that an alkaline liquid reacted with augite to produce monti- 
^llite and melilite, and that an analcite-rich liquid was the 
final result of the reaction. He has since found analcite in 
two melilite-bearing lavas. As melilite is practically absent 
from deep-seated rocks it u suggested that in them the above 
reaction is reversed. 
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J. StansfieM describes extensions of the Monteregian petro* 
Iprai^c province to the west and north-west {G$ol. Mag., (M, 
ipaj, pp. 433-53)* The newly-found occurrences are of peculiar 
alnoitic and monchiquitic types. One of the masses (the ninth 
and most westerly of the Monteregian Hills) consists of a new 
type of plutonic rock named okaite, which is composed of 
melilite, hauyn, and biotite, as essential constituents. Nepheline 
may be an important accessory. This rock is genetically 
connected with the alnoite dykes. Bowen’s reaction hypo¬ 
thesis to account for the monticellite-alnoite of Isle Cadieux 
(see Science Progress, xvi, 1922, pp. 548-9) is questioned on the 
ground that there is field evidence of the absorption of lime¬ 
stone, giving rise to such silicates as melilite and monticelUte. 

The same author has propounded an elaborate classification 
of the rare alnoite group of lamprophyres (GeoL Mag., 60 , 1923, 
pp. 5 50-4). Two of the numerous new names proposed by Scheu- 
mann are pressed into service, and one other, bizardite, is 
proposed for alnoites in which melilite is supplemented by 
nepheline. Other types of lamprophyre are considered in 
relation to this classification. Stansfield has evidently not 
seen Beger’s memoir on the lamprophyres (see Science Pro¬ 
gress, 18 , 1923. pp. 207-8). 

An important study of assimilation and thermal meta¬ 
morphism has been carried out by Mr. H. H. Read in the 
Arnage district of Aberdeenshire {Quart. Journ. Geol. Soc., 
»,pt. 4, 1923, pp. 446-86). The igneous rock is a norite which 
is intruded, probably as a sill, into various andalusite-cordierite* 
schists, felspathic quartzites, biotite-gneisses, and hornblende- 
schists of the Dalradian succession. Wholesale enclosure of 
these schists by the igneous rock has led to the formation of a 
zone of hybridised or contaminated rocks, full of xenoliths, and 
minerals such as cordierite, spinel, garnet, which are unusual 
or abnormal in igneous rocks. Only small kernels of un¬ 
modified norite are now left. It is shown that the contamina¬ 
tion process depends upon reciprocal action between the norite 
mamna and the pelitic xenoliths; the mag^a becomes more 
acid, the xenoliths more basic. Further discussion of many 
theoretical points is promised. 

In a further paper dealing with the volcanic geology of 
East Fife {Ged. Mc^., 66,1923, pp. 530-42) Mr. D. Balsillieshows 
that the main erujption of the great vent of Largo Law must 
have taken place in the Lowwr Carboniferous, as tongues of 
the ash and agglomerate ere interbedded with the sedimentary 
iXMcks of that ^ adjacent to the vent. On this observation 
Ims extends the idea of Lower Carboniferous age to the numerous 
smaU vents of East Fife which have hitherto been regarded 
lui FtrmiEU* 
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In July 1921, Dr. Charcot, of Antarctic fame, accomplished 
a landing on the tiny islet of Rockall, which is the summit of 
a great submarine bank covering over 2,000 square miles in the 
Atlantic region between Iceland and Ireland. Prof. A. Lacroix 
lu^ described the new material thus obtained in a series of 
papers, which the writer has summarised for British petrologists 
(Comptes Rendus, Paris, t. 178 , 1921, pp. 267-73» 1 . 177 , 1923, 
pp,4i 7-22,437-40. G. W.TyrreU,GcoI.A/cg., 61 ,1924, pp. 19-25). 
Two important new points have been established in regard 
to Rockall geology. First, the igneous rock of Rockall is an 
aegirine-granite, and the unique type, rockallUe, of which it 
was formerly thought to be entirely compiosed, is merely a 
basic segregation. Further, Rockall is igneous from top to 
bottom, and there are no sedimentary rocks towards the base 
of the stack as formerly thought. Rockall Bank is proved 
by dredging to be a submerged basaltic plateau similar to 
those of Skye, Mull, Antrim, Iceland, Greenland, and the 
Faroes, which form remnants of the widespread Thulean 
petrographic region. 

A detailed study of the petrology of the Hawaiian Islands 
is being carried out by Dr. H. S. Washington (Amer. Jour. 
Set., 6, 1923, pp. 465-502 ; 6, 1923, pp. 100-26, 338-67); and in 
the third paper of the series he has been able to give a general 
statement of the petrology of Hawaii itself. Seventy-five per 
cent, of the lavas consist of andesites and basalts, including 
the types oligoclase-andesite, andesine-andesite, oligoclase- 
basalt, andesine-basalt, and labradorite-basalt. The last-named 
is the most abundant. There are also subordinate olivine- 
bearing basalts, and very olivinic types called ” picrite-basalt ” 

(- oceanite and ankaramite of Lacroix). Trachyte is also 
Known to occur in at least two localities. The numerous 
chemical analyses show that there has been a remarkably 
regular serial progression of types which corresponds with the 
most probable order of eruptive activity. 

The great memoir by l 4 of. A. Lacroix entitled MiniralogU 
de Madagascar, recently published in three quarto volumes 
(Lithologie in tom. ii, 1922, pp. 219-694; tom. iii,pp. i -45o)contains 
far more than is at first sight indicated by its title. It begins 
with a succinct sketch of the geography and geology of Mada¬ 
gascar (148 pp.), goes on to a detailed description of all the 
minerals so far found, and ends with a complete account of 
the petrography. It is impossible to enumerate even the 
various^ groups of rocks dealt with, much less to summarise 
conclusions. The schists and Reisses of the crystalline base¬ 
ment and the numerous intrusions thereinto, both calcic and 
allralic, are described; then follows the description of a hi^ 
series of post-Liassic intrusive and volcanic rocks, mchidii^ 
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tltt hmava alkaline petrographie province of Ampa^dava. 
Hie petrological summary which concludes the work is based 
upon a magnificent series of 450 chemical analyses. 

Drs. E. O.Teale and W. Campbell Smith have described a series 
of nepheline-bearing lavas and intrusives from Portuguese East 
Africa (Geol. Mag., 60 , 1923, pp. 226-37). The specimens include 
phonohtes, tracnytoid phonolites rich in sodalite, nephelinites, 
and olivine-nephelinites. Their detailed examination shows 
that there exist close resemblances between these rocks and 
many of the lavas of Kenya, Eastern Uganda, and Tanganyika 
Territory; and it has been found possible to correlate them 
with the lavas of the succession established by Prof, J. W. 
Gregory in Kenya. The ages of the rocks range from Cre¬ 
taceous to post-Miocene. They are associated with a set of 
tectonic lines related to those of the East African Rift Valley. 

Vtflcanology. — h. chemical study of the fumaroles of the 
Katmai region of Alaska by E. T. Allen and E. G. Zies {Nat. 
Geogr. Soc., Contrib. Tech. Papers, Katmai Ser., No. 2,1923, pp. 
75-155) has shown that steam is the predominating constituent 
emitted, and that the most important remaining gases are 
HCl, COj, H,S, Ng, HF, and occasionally CH*. ^gon occurs 
in the nitrogen in practically the same proportions as in the 
atmosphere, and probably both inert gases came from that, 
source. The water emitted is probably of surface and not 
magmatic origin. The fumaroles are all aligned along fissures, 
and their most distinctive characters are of a secondary nature 
(0.g. the symmetrical craters formed by explosion). 

In the same publication (No. i, 1923, pp. 1-74) the origin and 
mode of emplacement of the great tuff deposit which floors 
the Valley of Ten Thousand Smokes, and which was formerly 
attributed to an outburst of the Katmai volcano, is dealt with 
in detail by C. N. Fenner. He shows that it must have 
ori^nated within the valley itself, probably through fissures, 
which communicated with a sill or laccolith intruded into the 
sediments below. The deposit is regarded as due to a low- 
level phenomenon analogous to the nute ardente of Mont 
Pel6e, the incandescent avalanche of lava particles and gases 
which destroyed St. Pierre in 1902. As the lava issued from 
the fissures it was disrupted into fragments by rapid evolu¬ 
tion of gases, not powerful enough for violent explosion, but 
sufficient to diminish internal friction to such a degree as to 
cause the material to flood the valley like water. 

Dr. H. S. Washington has compared the aa (block) and 
pa^oehoe (corded or ropy) types of lava from Mauna Sjoa in 
an attempt to discover the reason for the structural differences 
Of the two forms (Amer. Jour. Sci., 6, 1923, pp. 409-33}. The 
oa type is the more crystalline of the two, and its ferrous oxide 
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is towo* relatively to ferric oxide. Further, the aa type occun 
in much larger flows than paehoehoe, is less vesiculated on the 
whole, but carries much larger and more irregular individual 
vesicles. 

According to Dr. Washington these facts are explained by 
the theory that paehoehoe lava, issues at a higher temperature 
than aa, but with a much smaller content of gas. The 
soon escape, and the flow quickly congeals with a minimum 
of crystallisation. Aa, on the contrary, issues at lower tem¬ 
perature, but is so highly gas-charged that it is initially much 
more fluid than paehoehoe. Under these conditions crystallisa¬ 
tion begins early and proceeds with rapidity. The escape of 
gas becomes increasingly rapid and even violent towards the 
moment of consolidation, but the remaining liquid always 
remains gas-saturated, and so in a condition favourable to 
crystallisation. 

By a comparison of the chemical compositions of the lava 
of Katla, Iceland (1918) with that of'^the Skaptareldhraun 
(Laid eruption of 1783), Lacroix shows that the extreme dif¬ 
ferences in the modes of eruption of these lavas are not due 
to differences in chemical composition, but to variations in the 
physical conditions which attended the respective eruptions 
IComptes Rendus, Paris, 177, 1923, pp. 369-72). The Katla out¬ 
break took place under the ice-cap of the Myrdalsjdkull, re¬ 
sulting in rapid cooling and imprisonment of magmatic gases, 
and consequent violent explosion. The Laki basalt, on the 
other hand, welled out unhindered from small vents situated 
along a great open fissure, with the minimum of explosive 
action. 

A yety detailed memoir on one of the small areas of extinct 
vulcanicity in South Germany has been produced by H. Reck 
(Die Hegau-Vulkane, Berlin, 1923, p. 248L in which he has 
clearly explained the various stages in wnich the outbreaks 
took place. The products of the first stage of activity were 
low tuff cones. Actual eruption of lava (basalt) took place 
only at^ a late stage, the molten stream rarely passing beyond 
the limits of the crater. In the eastern part of the area there 
are more extensive spreads of tuff and some small plugs of 
phonolite. 

By E. J. Sausburv, D.Sc., F.L.S., University CeUegs, 

MXidon. 

Ecology, etc. —Kurz, dealing with Hydrogen-ion concentration 
in relation to ecological factors (Bot. Gate., Sept,), finds that the 
®re more acid than the flood-plains, whilst the acidity 
of flat, badly drained land was high. Dunes near Long Lake 
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«9diibited an alkaline condition in the young phase replaced 
hy an add reaction in the older phases. This same feature 
was abo shown by the dunes at Mineral Springs and Sawjrer. 
In thb respect and as regards diminution of acidity with 
increasing depth, the results are in conformity with those 
obtained by Salisbury in thb country. Many of the species 
were observed to occur in soik exhibiting a wide range of 
reaction, from which Kurz concludes that acidity b not the 
master factor for their distribution. Observations at different 
seasons in the same localities show comparatively slight sea¬ 
sonal fluctuation of reaction. 

Sager, in a privately printed paper on Soil Acidity studies 
(Cambridge, 1923), record determinations in Switzerland of 
the soil from various plant habitats. In general the soil in 
the shade appears to be more acid than in the open, an observa¬ 
tion which harmonises with the known effects of coppidng of 
woods. The most acid soik were pH.4‘6 with Vaccinium 
myrtUlus, V. vitis-idaa, and Lumla nivea, whikt the most 
alkaline was 7*7 with Brotnus erectus. Sesleria ccerulea was 
found on soil as acid as pH.6*8 and Atnelanchier ovalis on soil 
of pH.5‘7. 

Dr. E. Hess has just published an account of the woods of 
the Bernese Oberland in which the view is adopted that the 
distribution of Rhododendron above the present tree limit 
marks the former extent of trees. From thb it is conduded 
that the forest limit is between 1,900 and 1,950 m. and the 
tree limit about 2,050 m. (6,812 ft.). The present forest limit 
is at 1,920-1,950 on south aspects and 1,900 m. on north 
aspects, but trees and stunted specimens occur to 2,050 m., to 
which altitude the Rhododendron also extends. The chief forest 
trees are the Beech (up to 1,570 m.) and Picea excelsa (1,930 m.). 
Locally Pinus montana also forms stands to the tree limit. 

The ph3rtoplankton of fifty-six ponds has been described 
by B. Millard Griffiths {Jour, Ecology, Sept. i923)> ^Of these 
Asterionella or Ceratium or both occur in thirty-eight, tlw 
pook from which they are absent being either shallow or, if 
deep, with a strong through current. From hb observations 
the author concludes that ^e presence and amount of plankton 
depends on the amount of decay-products of sediment and 
that the character of the plankton is largely dependent on 
whether the decomposition is an aerobic or an anaerobic one. 
In the latter case the seasonal vertical circulation of the water 
in autumn and spring is held to account for the bimodal perio- 
dicii^ of some Diatoms. 

The distribution of root-hairs is a factor which will have 
to be considered by ecobgbts when estimating the efficient 
of varying extents and types of root aystem. Our knowledge 
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on this point is, however, meagre. Je^y and Torrey, in ipat, 
pointed out that persistent root-hairs occur in Asi«r urn- 
otUaius correlated with an absence of secondary thickening. 
Persistent root-hairs are also known in Robinia. Recent^ 
Whitaker {Bot. Gaz., Sept.) has added further examples from 
herbaceous species of Compositse in which it seems that the 
root-hairs may persist and function for several years. These 
may be distributed over the entire root or in extreme herbs 
may be restricted to the basal region (basipilose). A. umbel- 
lotus is an example of the former and Aster tataricus of the 
latter class. Persistent root-hairs were also found in Solidago 
serotina, S. paiula, S. rugosa, and 5 . graminifolia, in Eupoi- 
torium purpureum, Vernonia crinita v. Baldwini, Chrysanthe¬ 
mum uliginosum, Dahlia spp., Lysimachia spp. Some species 
which are devoid of root-hairs in the adult condition may be 
basipilose in the seedling stage. The persistent root-hair is 
regarded as an accompaniment of reduction, or absence, of 
secondary thickening correlated with the assumption of the 
herbaceous habit. 

Dziubaltowski {Acta Soc. Bot. Poloniee, vol. i, no. 3) 
considers the steppe formations of Poland to be largely inde¬ 
pendent of soil conditions. They occur exclusively on southern 
exposures, where the air and soil temperature are appreciably 
higher than on the northern exposures and the soil humidity 
is considerably lower. The rapid melting of the snow on the 
south exposures leads to erosion which impoverishes the soil 
and augments the water deficiency. The steppe with Stipa 
capiUata as the dominant persists under conditions unfavour¬ 
able to the development of ligneous vegetation. 

Genetics, etc. —It is now nearly sixty years since Darwin 
called attention to the fact that Lythrum salicaria possesses 
three types of flower involving three lengths of style and three 
lengths of stamen. Each individual, as is well known, bears 
flowers of only one type, and Darwin showed that more or 
less complete sterility results from self-pollination or even 
from crossing with another individual when the pollen was 
not derived from stamens of the same length as the style 
pollinated. Stout {Amer. Jour. Bot., Oct. 1933) has recently 
made a detailed study of self-pollination in this species and 
finds a considerable degree of variation with respect to sterility 
in illegitimate self-pollination. Amongst the long-styled plants 
® Kw (18 out of 97^ were feebly self-compatible, whilst the 
short-styled plants showed an even lower proportion (i out 
of 23). Medium-styled plants, however, show a high pro- 
TOrtion of individuals which are self-compatible in varying 
de^^ (48 out of 112). Legitimate crosses with medium- 
styled plants gave pods with from 12 to 176 seeds (aven^ 
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98 teeds), whilst illegitimate crosses yielded pods with from 
0-117 seeds (average 33 seeds). 

Schaffner {Ecology, vol. iv, Oct. 1923), continuing his in> 
vestigations on the effect of environment on sex in hemp (cf. 
Bot. Gae.fHt 1921), has made successive plantings throughout 
the season to test the effect of the relative lengths of daylight 
and darkness. The variety used showed no monoeciousness, 
but all the plants raised during the period of long days and 
short nights were either carpellate or staminate. Reduction 
of the light intensity had no apparent effect on the sex. 
With the approach of the winter solstice (about 9 hours day¬ 
light as compared with 15 hours in the summer), the successive 
plantings showed a more and more marked tendency towards 
sex reversal, the staminate plants becoming carpellate and 
via versa. As the author points out, the most striking feature 
is the fact that in the winter sex-reversal occurs in both direc¬ 
tions. Moreover, flowers which are partly male and partly 
female in a variety of abnormal types are also produced. The 
author concludes that the attempt to explain sexual expression 
by hypothetical homozygous and heterozygous Mendelian 
factors is of little value. It will be recalled that Schaffer had 
formerly shown (Amer. Jour. Bot., 9 , 1922) that the pheno¬ 
typical expression of sex in Ariscema is dependent on the 
environmental factors of water content and nutrition, and the 
effect of external conditions has also been demonstrated for 
other plants (e.g. Silene spp., Myrica gale), and sex-reversal 
has been shown to occur in various animals {e.g. crabs, fowls, 
etc.). 

The occurrence of two periclinal chimeras in NicoHana 
iabttcum is described by Qausen and Goodspeed {Genetics, 
March 1923). The first of these appeared in the Fi generation 
of a cross between the red-flowered female macrophylla and 
the white-flowering " Cuba" as male. The Fi plants were 
pink-flowered, but the individual in question produced a small 
branch of the inflorescence with white flowers. White or pink 
flowers when selfed gave practically identical ratios of pinks, 
zeds, and whites. The second case originated from a cross of 
pvtrpurea {^) with Cuba and bore carmine flowers on one part 
of the inflorescence and pink flowers on the other. Root 
cuttings from the pink region produced carmine flowers, as 
^d those from the carmine portion. The localisation of 
pigmentation in sections agrees with the interpretation of 
these plants as periclinal chimeras. 

In a symposium on sterility in plants {^Am. Jou/r. Bot.. 
Nov.) Stout reports that Brassica ^ekinensis, which showea 
only 10 per cent, of individuals which were highly self-corn* 
patibfe, when grown so as to reduce the vegetative vigour 
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yielded 65 per cent, of highly self«coinpatible individuals. 
Davis, in a second contribution to the same discussion, empha¬ 
sises the very varied manifestations of sterility: sometimes 
exhibited by the failure of the gametes themselves to develop, 
by unhealthy development of the gametophytes, or by weak¬ 
ness and death of the embryo in the early phases of its develop¬ 
ment. The lethal factors due to hybridisation are responsible 
for the failure of all but the heterozygonus types in hybrids 
which breed true, the surviving offspring being held to contain 
balanced lethal factors. East deals with self- and cross-sterility 
in Nicotiana as conditioned by Mendelian factors apparently 
governing the rate of development of the pollen tube. Finally, 
Dorsey discusses the matter from the horticultural standpoint. 

The account of the natural putative hybrids in the New 
Zealand flora is given by Cockayne (New. Phyt., July). The 
number enumerated is 128, belonging to 33 families, and 
showing a higher proportion amongst shrubby plants than for 
other biological types. 

Taxonomy .—supplement to the Journal of Botany 
commencing in the June number on New Guinea plants col¬ 
lected by Dr. H. O. Forbes contains descriptions of new species 
belonging to the following genera: Michelia (Magnoliacese); 
Himantandra ; Cyathocalyx (2 sp.) (Anonace®) / CoMospermum 
(Bixacese); Temstreemia, Adinanara (Temstroemiaceae) ; S/w"- 
culea: Sloanea, Elceocarpus (Tilacese); Evodia (3 spp.) 
Canarium; Dysoxylon, Chisocheton, Dasycoleum, Amoora, Aglaia 
(Meliaceae) ; 7o</«5 (Olacineae) ; Ilex; Hippocratea ; Zizyphus ; 
Mucuna (2 sp.); Ccesalpinia, Archidendron, Hansemannia; 
Angelesia (Rossicex); Polyosma; Terminalia; Decaapermum, 
Eugenia (19 spp.); Barringtonia ; Dissocheeta, Astronia (Melas- 
tomaceae); Casearia (Samydaceae); Polyscias, Esckweileria 
(^aliaceae). The descriptions of the foregoing are by Ikfr. 
Baker, whilst Mr. Moore adds species of the foUowing genera 
of Gamopetalae and Monochlamydeae: Uncaria, Musaeenda 
Cantkium, Morinda, Psychotria, Amaracarpus, Saprosma (Rubia- 
ceae); Masa, Ardisia, CotMndrium, DiscocMyx (Myrsinaceae); 
Sideroxyl^ / Clitandropsis (gen. nov.), Alyxia, Alsionia, 
Ervatamia, Ichnocarpus (2 spp.) (Apoc;^aceae); Maradmia 
(Asclepiadaceae); Fagreaa (3 spp.) (Lopiniaceae); EkreUa; 
Solanum ; Tecomanthe (Bignoniaceae) ; Piper Iz spp.) ; Crypto^ 
ca»yo, I,» 7 s«Ba fLauraceae); Phaleria; Elytrantne (hoTAnth&ceae); 
Glochidion, Pnyllanthus (2 spp.h Antidesma (a spp.), Aatfypka 
{2 spp.), Macaranga ^pp.); Ficus (4 spp.), Pararhcarpna; 
Casuarina, Casania. Dr. Kendle is responsible for additional 
^cies of the following monocotyledonous genera ; CordyUns. 
^eycirutia, Rapkidophora Mr. Jepp describes species oi 
Daoallia, Hypohpis, Asplemum (2), Dryoptmia, Polyfutdirntf 



BOTANY S4f 

and Lycopodium; and Dr. Dixon two species of Macromiirium. 
Mr. Pugsley in the July number adds a Calamintha (C. kmtiea) 
to the British Flora, and incidentally another plant to the 
Lusitanian element in the West of England. 

Howarth, dealing with Festuca rubra in the aggregate sense 
{Jour. Linn. Soc., Jan. 1924), recognises the following as 
present in Britain : F. heteropnylla in a restricted area in the 
Thames valley; F. rubra with two subspecies, of which one, 
F. rubra gemina, has eight varieties : and Festuca rubra f<Ulax, 
which is the commonest Fescue of the chalk downs. Festuca 
juncifolia, a species of the coast, is distinguished from F. rubra 
by the acute leaves, extra vaginal branching, and continuous 
sclerench3miia beneath the lower epidermis of the leaf. 

Sherft‘ (Bot. Gaz., Sept.) describes ten new species of Cors- 
opsis, and in this and the October number twenty>one species 
of Bidens. 

Rydberg, dealing with the North American Galegeae, dis¬ 
tinguishes eleven subtribes, vie. (i) Graccanse, (2) Millettianse, 
(3) Brongniartianae, (4) Barbierianae, (5) Sesbanianae, (6) 



Chemin contributes a Flora of the marine algae of Luc-sur- 
mer to the Annales des Sci. Naturelles (I, v. No. 1-2), in which 
208 species are enumerated, the majority (116) being Florideae. 

Morphology and Anatomy .—^The flower of the Cruciferae has 
been a perennial source of discussion in the past and has been 
again revived by Miss Saunders {Ann. Bot., July 1923) in 
view of certain abnormalities which have appeared in matkiola 
incana. Lindley nearly a century ago propounded the hypo¬ 
thesis that the cruciferous fruit consisted of four carpeb, of 
which the two valves represented one pair and the commissural 
ridges and replum the other. It is this view that Miss Saunders 
elaborates, holding that the primitive Cruciferous g^secium 
consisted of two whorls of four carpels each, of which one 
i^orl is sterile and the other fertile. One of the roost cogent 
arguments for this view is the association of double-line sutures 
with comroisural stigmas and of single-line sutures with 
stigmas correspondii^ in position to the loculi. The Orchi¬ 
daceous ovary is similarly interpreted as possessing six carpels, 
of which three are infertile. 

Sister Lamb {Bot. Gat., Oct.), furnishes a key to the Qrca- 
dean genera based on leaf characters. Of the species 
examined, Macroeamia moorei and Bowenia serrukda l^ve 
s^inata on both surfaces, as Nestler found for Bowenia epeeteh 
Mit. Bowenia appears to be peculiar also in the absence of 
a hypoderm and of calcium oxalate cr3^tals. 
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The numerical variation of florets in the capitula of VariotW 
Compositse is the subject of a paper by Szymkiewicz Mcto, 
Soc. Bot. Poloniee, vol. i, No. 3). Usually the terminal capi- 
tulum contains the largest number of florets, whilst the number 
in the lateral capitula tends to augment from above down¬ 
wards. 


lOOLOOT. By Rsoinazd Jambs Ludzord, FI1.D., B.Sc. (Load.), Uai* 
varsity College, London. 


Chromosome Work. —J. S. Huxley has extended his work on 
the Amphipod, Gammarus chevreuxi. He finds the cross-over 
value between the loci of two mutant genes (red and albino), 
for the 4,528 offspring of 33-pair matings continued for 3 to 
10 broods, was 44*69 per cent. The chromosomes are rela¬ 
tively small and round, or ovoid in form. In view of their 
small size, he concludes “ that the cytological basis of crossing- 
over in this species is probably different in essential res]KCts 
from that found in Drosophila, where it appears that a consider¬ 
able actual length of chromosome must separate loci before they 
can show high cross-over values." Contrary to what is foimd 
in Drosophila, the percentage of crossing-over is low in the 
first three broods and rises later {Brit. Jour. Expt, Biol,, vol. i, 
no. 1, 1923). 

Important contributions to our knowledge of the cytology 
of the marsupials have been made by W. E. Agar and A. W. 
Greenwood. The following chromosome numbers have been 
determined ; 


Macropus . 
Petauroides 
Phascolarcius 
Sareophilus 
Dasyurus . 


Milt Ftmale 

10 + XY 10 + XX 
ao + XY 

14 + XY x'4 + XX 

12 + XY 12 + XX 

12 -f XY 


W. E. A. 
W. E. A. 
A. W, G. 
A. W. G. 
A. W. G. 


The Y chromosomes are very small in each case, and the X 
are smaller than the autosomes. Agar points out that " prob¬ 
ably in Macropus, and more convincingly in Petauroides, the 
cytological conditions to permit of ‘ crossing over ' are present 
in the male." 

The Golgi Apparatus. —S. D. King and J. Bronte Gatenby 
have succeeded in demonstrating tne presence of a typica.} 
C^lgi apparatus in the Coccidian, Adelea. It is comprised of 
dictyosomes or crescentic rodlets, sometimes joined togeth^. 
During growth the excentric Golgi apparatus becomes larger 
and tends to spread out in the protozoon cell bo<jy. A form 
of dictyokmesis has been observed, the Golgi bodies being 
drawn into subequal groups around each of the daugfat^ 
nuclei. The nucleus of the meroaz^ite contains a peculiar 
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iiticleolus, probably of the nature of a karyosome, which 
always lies at one end of the nucleus. The Golgi apparatus 
occupies a position in the cytoplasm at the opposite end 
of^ the nucleus. No centrosome was distinguishable in 
this protozoon, and the writers are of the opinion that the 
Golgi bodies are attracted by some other body in the nucleus 
{Q.J.M.S., vol. 67, part 3, 1922). 

That different malignant growths of the rat, mouse, and 
guinea-pig exhibit characteristic forms of the Golgi apparatus 
has already been described by Da Fano. He has recently 
extended his observations to cases where some of the same 
tumours are undergoing absorption. In general, he finds that 
the apparatus becomes fragmented at an early stage when 
other cell constituents are still apparently unaltered, but such 
fragments seem to possess a great power of resistance to 
degenerative conditions vol. 67, part 3, 1923). 

F. W. R. Brambell nas studied the activity of the Golgi 
apparatus in the neurones of Helix aspersa. He finds that 
the Golgi apparatus gives rise to argentophil and oi^hil 
clouds in the c;^oplasm. Basophil granulations, he believes, 
represent the tigroid bodies and are most marked in those 
cells in which the apparatus is most active. He concludes 
that “ the function of the Golgi apparatus is connected with 
the cytoplasmic metabolism, possibly the production of protein 
substances ” {Jour, of Phys., vol. Ivii, no. 6, 1923). 

Tissue Cultures .—^The unique opportunity afforded by tissue 
cultures has led W. H. Lewis to study cultures of embryonic 
chick cells, in the hope that new information might be gained 
concerning cell structure. The tissues on which observations 
were made included mesenchyme, endothelium, smooth muscle, 
ectoderm, endoderm, liver, sympathetic nerve fibres, heart 
muscle, and skeletal muscle. These were examined , by the 
method of dark-ground illumination. The cover-slips con¬ 
taining the cultures were laid culture-side downward on to 
drops of Locke solution contained on ordinary slides, which were 
ringed with vaseline to prevent evai^ration. The Locke solu¬ 
tion usually contained some intra-vitam stain such as neutral 
red or janus green. Cultures set up in this way remained alive 
for periods, varying from a few minutes to several hours. In 
the cells, fat globules were seen brilliantly illuminated, and 
otW granules, probably of the nature of degeneration pre¬ 
sets, were white. Mitochordria in the form of either threads, 
rods, or granules were grey, while with neutral red they appeared 
pink and the degeneration granules were yellow. In certain of 
the cells, the granules and mitochondria showed Brownian 
Biovement at room temperature ; little such movement was 
fiottiid in smooth muscle and skeletal muscle, imd none in 
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heart musde, showing that there is considomhle varktioA 
in the viscosity of different cells. The karyolymph of the 
cells appeared dark and homogeneous and was surrounded by 
a thin white line, while the nucleolus appeared as a group of 
fine white granules. With the onset of necrosis, white granules 
made their appearance, increased in numbers, and persisted 
until the cells dissociated (Anai. Rec., vol. 36, no. 1, 1933). 

A further series of oteervations have been made by the 
investigator on amniotic ectoderm growing in tissue 
cultures. The culture medium consisted of LocKe solution 
containing chicken bouillon and dextrose. Epithelial cells 
migrated from the fragment of tissue planted in the culture 
medium, in the form of sheets or membranes, and cells passed 
out individually, becoming isolated, in the same manner as 
has b^n described by other workers. The tissues were stained 
with intra-vitam dyes and fixed by Lewis’s iodine method. In 
such preparations, the mitochondria showed great diversity 
of form, appearing as threads, plexuses of threads, rods, or 
granules. Neither centriole nor centrosphere was olMerved in 
tlw epithelial cells {Anat. Rec., vol. 26, no. 3). 

T. S. P. Strangeways and H. E. H. Oakley have carried 
out experiments with cultures of the choroid of chick embryos 
in order to study the immediate changes foUowii^ exposure 
to soft X-rays. The cultures were made in chick plasma 
and chick embryo extract, and were maintained at a tempera* 
ture varying between 36*5“ C. and 39“ C. Twenty-four-noiwr- 
old sub-cultures were used, and were exposed to soft rays 
filtered through 3 mm. of cardboard. The alternative spark 
gap was 8 cm. with a rectifying spark of 3*5 cm. and a water 
resistance in series with the tube. The cultures were pkuxd 
34 cm. from the cathode, and the current was kept at about 
1 ma. In the i^t series of e:i^riments, cultures were exposed 
to the X-rays for varying periods and then fixed immediatdiy 
in alcohol acetic. Definite changes were recognised after 
30 minutes' exposure, and these chafes became more pro* 
nounced as the time of exposure was increased. The earnest 
effects noticed were granular changes in the chromosomes during 
metaphase and anaphase, and fewer cells undeigoir^ mitosis. 
Not until cultiues had been exposed to the rays iot do minutes 
were changes found in the “ resting " cells. In the second 
series of experiments the cultures were exposed to the X*ra3fU 
for varying lengths of time and were then incubated for 80 
minutes before being fixed. This time was chosen as allowing 
sujEficknt time for a cell to complete the mitotic fvocess. Also 
it allowed for any lag in division, or any immediate altor*^ 
effects of exposure to the X-rays to become visible in the caso 
of the'* resting *'cells. The result of this series of expoimeiMi 
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mit to dbow similar changes as were observed in the others, 
but there was found to be a latent period of about ts to ao 
ndnutes before the changes in the celk can be definitely recog¬ 
nised. Also there was found a clumping or agglutination of 
the chromosomes in some of the ceils at metaphase. Such 
cells do not divide, but after a period of quiescence, break up 
and finally disintegrate. In general, the authors conclude, the 
changes in the cells do not appear to differ from changes found 
in cells which are growing in an unfavourable or modified 
medium {Proc. R. Soc., vol. 95, no. B669, 1923). 

A most useful critical survey of the work on tissue culture 
has been made by H. M. Carlton, whose paper contains a bibiio- 
naphy of the principal contributions to the subject (Jour. 
Expt. Biol., vol. i, no. i, 1923). 

The Embryology of the Sympathetic Nervous System .— 
Owing to the controversy that exists as to the origin of the 
83rmpathetic nervous system, considerable interest attaches to 
a paper by A. Subba Rau and P. H. Johnson, on the develop¬ 
ment of the S 3 rmpathetic nervous system and suprarenal bodies 
in the sparrow. These investigators find that the primary 
s^pathetic primordia originate from the spinal cord, and 
tnerefore have an ectodermal origin. These primordia are 
formed at inter-somitic points, their constituent cells being 
derived from the neural crest, dorsal root ganglia, and neural 
tube, The primary ganglionic swellings extend dorso-later- 
ally. The free ends of these extensions enlarge, and, becoming 
separated from the primary ganglia, give origin to the defini¬ 
tive s]rmpathetic ganglia." From the primary sympathetic 
system are derived the secondary sympathetic chains, the 
cmomaffin cells of the medulla of the suprarenal, the coeliac 
and other ganglia, and the unpaired ganglia in the cervical 
r^on. Observations made during the course of this investi¬ 
gation have shown 'that genetic continuity exists between 
the primary and secondary sympathetic chain, the former 
(pving rise to the latter, contrary to the view of His, jr. (P.Z.S., 
part 4, *9*3). 

Sex-reveraal and the Origin of Germ-cells. —F. A. E. Crew 
has described a number 01 cases of sex-reversal in the fowl 
which form a consistent series illustrating the conversion of 
actively functioning hens into actively functiomng males. He 
has shown that " in the hen there are successive invasions of 
the ovary by the sex cords derived from the peritoneum,'and 
that the assumption of the male characters by the hen is pre¬ 
vented the presence of the growing oocsrtes. In the alnenoe 
of the inhibiting influ«ice of the growing oocytes, the auUe- 
detomiaihg reaction becomes effective^ spermatic tissue is 
ditorentiated Irom the invading sex-ccads, and as a restth pf 



S 53 SCIENCE PROGRESS 

this the characters of the individual become those of the 
male ” (Proc. R. S., vol. 95, no. B667, 1923). 

A histological study of the fowls described by Crew has 
been made by H. B. Fell. The origin of the spermatic tissue 
from the ^ritoneal epithelium is described, and its almost 
identical similarity with the normal embryonic process is 
pointed out. In every case the development of testicular 
tissue was preceded by ovarian atrophy or disease {Brit. Jour. 
Expt. Biol., vol. i, no. i, 1923). 

J. Bronte Gatenby and F. W. R. Brambell have described 
a similar case of sex-reversal in the fowl, in which the sper¬ 
matic tissue was also produced from the peritoneal epithehum 
{Jour. Genetics, 1924). 

These researches on sex-reversal have raised anew the 
problem of the origin of the germ-cells, as they have struck a 
serious blow at the Weismann germ-plasm theory. Gatenby 
has therefore reinvestigated, by the aid of the new cytological 
technique, the origin of the germ-cells in Amphibia. He states 
that the " peritoneal epithelium of the ovary of the adult 
frog contains here and there, especially during spring and 
early summer months, a multitude of islands of thickened 
areas, which are formed by metamorphosing germinal epi¬ 
thelial or ccelomic cells." From such cells originate the germ- 
cells of the frog {Jour. R.M.S., part 4, 1923). 

An interesting review of the more important papers on 
sex-reversal and intersexuality is contributed to the same 
number of the Jour. R.M.S. by F. W. R. Brambell. 

Transplantation Experiments. —A number of interesting 
experiments on transplantation of organs have recently been 
carried out in the Institute of Experimental Biology of the 
Academy of Science, Vienna. In the'first of a series of papers 
describing this work, H. Przibram discusses the method of 
autophor transplantation. He points out that with this 
method, the blood-vessels, nerves, and other tissues which 
have been cut through in the course of the planting of the 
graft are fitted closely together, and therefore, the conditions 
are favourable for a (|uick reunion of the tissues, their healing 
and return to functional activity. This method, Przibram 
considers, is capable of a wide application to theoretical as well 
as practical problems, and in view of the results obtained, in 
transplanting the eyes of animals, the possibility of applying 
the method to the human eye is not regarded as hopeless. 

T. Kopp&nyi has used this method in carrying out a large 
number of experiments in replanting eyes of various verte¬ 
brates. He h^ investigated the physiology of the replanted 
eyes of mammals, and also their growth. A histological study 
of replanted eyes has been made by W. Kolmer» 
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Head transplantation in water-beetles has been carried out 
by W. Finkler. His method consists in drawing out the head, 
away from the thorax, and then severing it from the body. 
The head is then replanted on another insect which has been 
treated in the same manner. The little bleeding which occurs 
is not harmful. On the contrary, it assists in the fixation of 
the head, and prevents the drying up of the wound later on. 
Sutures and other methods of ^ing the head are unnecessary. 
After this operation the animals are transferred to a special 
moist chamber until co-ordinated movements are re-established. 
During the first week a " fusion tissue ” is formed between the 
head and thorax. After one or two months the head has 
recovered its full functional activity, and the insect swims 
and eats normally. 

Finkler's paper is illustrated with photographs of the 
transplantation operation and also with photographs of some 
of the animals experimented on. Hydropkilus with a trans¬ 
planted Dytiscus head, and Dytiscus with the head of 
Hydropkilus are shown swimming. 

Limb transplantation has been successfully performed by 
P. Weiss in Ampkibia. He finds that the fully developed 
limb of the larva of Salamandra maculosa can be transplanted 
against another limb of the same side of the body or on to 
other parts. A small piece of the limb is sunk in the body, 
but the greater part is left free as in the normal condition. 
The “ transplant ” heals, grows, and undergoes metamorphosis 
with the rest of the body. After a time it becomes fully 
functional, making active movements. 

Other operations of a similar character that have been 
successfully carried out are the replanting of the lens of the 
eye of fish by B. P. Wiesner, and the transplanting of the 
ovary of one rat into .the uterus of another, which is followed 
^ the production of offspring (Arckiv fUr Mikr. Anal, und 
Enitdckl., 99 bd., i heft, 1923). 


AWXmOVOUMI By A. G. Tbackbs, A.R.C.S.. Zootogical Uboratory. 

Cambridge. 

The Proceedings of ike Prekisioric Society of East Anglia for 
1932-23 (vol. iv, pt. i) are now to hand. The volume follows 
tradition, and most of the papers again refer to researches 
carried on in Eastern England. Of these, perhaps, the most 
interesting is that entitled “ The Maglemose Remains of 
Holderness and their Baltic Counterparts,” by A. Leslie 
Armstrong. It will be remembered that the Maglemose culture 
of which the type locality is at Mullerup, in Zeeland, is the 
phtest culture in Scandinavia, and is equivalent to the AaiUan- 
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Tardenoisian of Western Europe. It dates from the time 
when the Baltic Sea merely constituted the *' Ancylus Lake 
of prehistoric geo^aphy, and is considerably older than the 
Danish kitchen-middens. The chief Maglemosian remains 
now described from the Holderness district of Yorkshire are 
two bone harpoons found respectively at Skipsea and Hornsea. 
Both are very well preserved. The Skipsea specimen, which is 
nearly five inches long, was found in 1903 under a lacustrine 
deposit five feet deep, and was discovered during the excavations 
of the bones of a large deer, apparently the Great Irish Deer 
Cervus giganteus (the writer also calls it an " elk,” but C. 
giganteus was quite a different animal from the elk). The 
specimen, which is illustrated in the paper, was barbed on one 
side only, and strongly recalls the Magdalenian harpoons of the 
south of France, as Mr. Armstrong remarks. The Hornsea 
specimen, found in 1905, was much larger, being more than ten 
inches long. It was discovered in a similar situation beneath 
a lacustrine deposit. It will be readily understood that at a time 
when the Baltic was reduced to a lake, the fiat lands of Holder* 
ness were a part of a much larger fiat lake-studded area, which 
covered much of what is now the southern part of the North 
Sea. In 1923 Mr. Armstrong carried out some excavations 
himself at Skipsea, and unearthed a number of small flint 
implements, scrapers, piercers, and so on ; and some of these 
are duly figured in the paper. Doubt has been thrown on the 
genuineness of the two harpoons, but quite unnecessarily, and 
Mr. Armstrong successfully disposes of the allegations. It is 
impossible at present to be sure of the racial characters of the 
makers of these Maglemosian implements, but Mr. Armstrong 
is to be congratulated on the fleeting glimTOe which he gives us 
of these very early settlements in Yorkshire. 

Another article is the presidential address by Mr. Henry 
Bury, which was on ” Some aspects of the Hampshire Plateau 
gravels.” This was read in London on October 10, 1923. The 
article deals principally with the large changes in sea-level 
which must have taken place in Palseolithic times, and a great 
many relevant data from the Hampshire, Thames, and Somme 
valleys are considered. He comes to the conclusion that in 
the Chellean there was a maximum sea-level as hi(^h as 150 feet 
O.D. and that in the Mousterian there was a mimmum as low 
as minus 80 feet O.D. The paper will repay careful study. 

The whole of the issue of the American JounuU o/ PAysfearf 
Anthropology for July-September 1923 (vol. vi, No. 3) is taken 
up with a paper by G. G. MacCurdy entitled ” Humap Skdetal 
Remains from the Highlands of Rru." The spedmens otm- 
cerned were collected by an expedition which went to Peru 
in 1914 under the auspices of Yaw University and the Natkoal 
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Geograjphio Society, and they were found in caverns in the 
mountains north-west of Cuzco. The description is very 
thorough and the paper is well illustrated, but the interest of 
the work is in masses of detail that do not lend themselves 
to summarizing. 

The following papers may also be noted : 

/• tk0 Proeeeditm of the Prehistoric Society, EA., 1922-3 (vol. iv. pt. t) : 
*' On some Further Implements of Pliocene Age discovered in Sutfolk/’ 
by J. Reid Moir; “ Fslseolithic Types of Implements in Relation to the 
Pleistocene Deposits of Uganda,” by E. J. Wayland; and " Ancient Flint 
Hines at Stoke Down, Sussex," by Major A. G. Wade. And in the Annals 
of Archmology and Anthropology (vol. x, nos. i and 2), May, 1923: " Were the 
Ancient Egyptians conversant with Tablet-weaving ? " by G. M. Crowfoot 
and H. Ling Roth ,* and " The Distribution of Pompeius' Forces in the Cam- 
pidgn of B.C. 67." by H. A. Ormerod. And in recent numbers of Man: 

Ae Study of the Chronology of Palaeolithic Cultures in Relation to the 
Vartous Glacial Deposits," by M. C. Burkitt (January); amd " Stone Cirdee 
In Gambia," by Northcote W. Thomas (February). 
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METHODS OF EVQLUTION* 

Bv Prof. J. B. DUERDEN, M.Sc., Ph.D., F.Z.S. 

Rhod$s University CoUsgs, Grakamstoum, South Africa 

All epoch«making discoveries have in their wake a revision 
of pre-existing ideas ; and it is often impressed upon us with 
humility that our interpretations of phenomena are but 
tentative, determined by the state of knowledge for the time 
being. The confident assertiveness of one period becomes the 
doubt of another, and the rejection of a later ; and thus 
knowledge grows. Particularly is this found to be the case 
in our interpretations of vital phenomena, which from their 
very complexity so far transcend human comprehension ; 
and perhaps no problem so forcibly illustrates this as that 
of evolution. All accept the historical fact of descent, but as 
to its causes and methods all phases of assertiveness, doubt, 
and rejection have been passed through since Darwin first 
impressed it u|}on an unwilling world of thinkers. 

Despite all this uncertainty, one cannot withstand the 
temptation to view one’s work in the, light of evolutionary 
theory, and to cherish the hope that it may not be altogether 
profitless, as forging a link in the seeminaly endless chain of 
attempts to interpret the diversity of life. In the present 
state of biological inquiry one would indeed be rash to pin 
one's faith wholly to any one method of evolution to the 
exclusion of all others. There is much wisdom in the recent 
insistence of Prof. W. E. Ritter in Science that the ways of 
evolution are many, not one. My main purpose is to show 
how differently the same facts can be interpreted when viewed 
from the diverse aspects of to-day. 

The Basis of Homology—Origin of Feathers 

Mendelism, involving as it does the distinctness of the 
characteristics of an organism and the conception of discrete 

. ‘Printed before the Zoological Section of the South African Awoclatioa 
for tM Mvanoement of Science at its recent meeting in Bloemfontein, as an 
latrQoatttOB to a general discussion on the Methods a Bvolntieo, 
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penoinal factors, is one of those fundamental principles which 
insistently confront us when we try to interpret zoological 
phenomena. We are so accustomed to think in terms of 
gradual transformation that it is with some reluctance we 
turn to discontinuity. The whole of our comparative 
morphology and homology is founded upon gradual trans> 
formation and involves the idea of genetic relationships, yet 
if we are to accept Mendelian teachings this is not the manner 
in which the change from one form to another has occurred ; 
rather, each modification is discrete and discontinuous in 
its nature, and apart from those which have gone before and 
from those which may follow. 

Perhaps no better concrete illustration of the two divergent 
views can be adduced than that afforded by the problem of 
the evolution of feathers. Last year I brought forward certain 
observations upon the origin of feathers from scales in the 
ostrich {Rep. S. A. Assoc, Adv. Sc., vol. xix, 1922). It was 
there shown that where the minute scales of the leg pass 
into the feathered part above they bear rudimentary feathers 
at the time of hatching. The scale and the feather are 
associated as if one and the same structure, the latter an out¬ 
growth of the former, and the epidermal and dermal layers of 
the two are alike and continuous. 

Here we have what may be deemed to be the introduction 
into the animal kingdom of a really new character of prime 
significance—the growth of a feather from a scale. Whether 
the condition in the ostrich chick actually represents the first 
find simplest stage may be questioned, but of the relationship 
between the two there can be no doubt. 

Two courses are open to us in our interpretation. Following 
the older methods of comparative morphology, we can maintain 
that the relationship of scale and feather affords evidence that 
in the course of evolution the reptilian scale has grown upwards 
into a filament, and by a complicated system of incisions 
of the epidermis, due to ingrowths of the dermis, the filament 
has become frayed out, and given rise to the many structural 
divisions of the feather—shaft, barbs, and barbules. This 
is the view which has hitherto been largely accepted. More¬ 
over, it is possible to establish a dorso-ventrality for the 
feather, represented by the shaft and after-shaft, and not 
difficult to homologise it with the overlap of reptilian scal«|, 
and to find corresponding parts in the unguis and sub-unguis 
of daws, nails, and hoofs. 

But no, says the Mendelian, a feather is a new structure ; 
it is SKI generis ; it is an epidermal mutation, the result df a 
separate germinal change; its origin is quite apart from 
that of scales, The fact that it grows from a scale, making 
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use of the same epidermis and dermis, is merely inddeatai, sad 
has no bearing upon its genetical nature. The oirerlap of soaks, 
and claws, nails, and hoofs, are also distinct characteristics 
and, in so far as they differ from one another and from feathers, 
they are dependent upon separate factorial representation; 
and to establish a correspondence of parts does not imply 
a unity of origin. Each separate structure of the body has a 
separate factorial representation in the germ plasm ; scales 
and feathers are distinct structures, and are the manifestations 
of distinct factors. A factor by its nature does not chan^ 5 
its manifestations may be influenced, as in degree, by modifying 
factors, but a factor giving rise to a scale could by no means 
be influenced so as to give rise to a feather. 

It is at once obvious that the same argument can be 
applied to all our teachings of homology and comparative 
anatomy. The delight of the morphologist in the tracing of 
a corresponding structure through all its many transitional 
stages, from its one extreme to the other, is but a delusion if a 
genetic relationship is the underl3ring idea. Take the homology 
of the constituent parts of the vertebrate skull or of the visceral 
arches, through which we all struggled in our early zoological 
days. There was an assumption of gradual transition, yet 
coupled with genetic continuity, underlying all oixr attempts 
to trace the same osseous element from one stage to the otatr 
of the vertebrate series. But all this seems futile if we are to 
accept the factorial hypothesis and the mutative discontinuity 
which it involves. We return to the conception of homolo^ 
taught by Cuvier and Owen, who merely held a homologue to 
be “ the same organ in different animals under every variety 
of form and function.” The idea of .genetic unity in addition 
to unity of ty^, applied to homology since Darwin's da3r8, 
must needs be abandoned as not in harmony with evolutionary 
processes, a conclusion which may well cause us to examine 
our bearings before accepting it as one of the verities of zoology. 

DrSCONTINUITY OF RETROGRESSIVE CHANGES—^ThE FSET O# 

THE Ostrich 

To illustrate again from the ostrich. It is unique among 
living birds in that it has but two toes, a large inner and a 
small outer, the third and the fourth of the pentadactyk 
series. On the theory of gradual transformation we should 
assume that this condition has slowly evolved through successive 
stages from a four- or even a five>toed ancestor, and is posi^ly 
fransitory to still further retrogression. As regards its anoestty, 
Broom ^Trans. S. A. Phil. Soc., 1906, p. $62) remarks : ** It is 
interesting to note that the embiyo ostrich has five toes moce 
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DT teas developed, and the-three central ones fairly weB 
developed. We are probably justified in inferring that the 
immediate ancestor of the ostrich, had three functional toes, 
and possibly that the more remote ancestor had a functional 
hallux.*' The fact that the fourth toe is much smaller than the 
third may signify either that it has not increased in size con¬ 
currently with the third or, more likely, that it has undergone 
a retromssive change ; the latter idea being strongly sup¬ 
ported by the fact of the partial or entire loss of the claw 
and loss of part of the scutellation. 

Among a large number of ostriches all stages are procurable 
in the loss of the scales from the big toe, and can be arranged 
according to a definite orthogenetic sequence ; also, all stages 
from a well-defined claw on the small toe to its complete dis¬ 
appearance. In an earlier paper {Jour. Genetics, vol. ix, 1920) 
these were deemed to suggest that the toes were possibly still 
in process of degeneration ; but the facts presented below 
afford no support for this. They seem best regarded as the 
small variations, both fluctuating and germinal, always to be 
met with in a mixed population. 

We have, however, unmistakable palaeontological evidence 
against any evolutionary change in the toes of the ostrich 
within a comparatively recent geological period. From the 
Pliocene of tne Siwalik Hills of Northern India the tarso- 
metatarsus of an ostrich, Struthio asiaiicus, has been obtained, 
with its two distal articular surfaces in a well-preserved state. 
A comparison of the specimen in the British Museum which 
I have been able to make with the corresponding bone of the 
living ostrich shows the relative dimensions of the two to be 
exactly alike. In the words of Lydekker {Brit. Mus. Cat. 
Fossil Birds, London, 1891, p. 211}: " The tarso-metatarsus 
cannot be distinguished from the corresponding bone of 
5 . camelus.” Hence we may assume that since early Pliocene 
times the toes of the ostrich, working on these articular surfaces, 
have maintained the same relative sizes. 

If no alteration has taken place during these tens of 
thousands of years, we may well be assured that they have been 
fixed characteristics of the bird since the time when they 
fi^t assumed their present relative proportions. Functional 
adaptability is prorably^ not concerned ; for, if it be held 
that the one-toed condition of the horse is advantageous for 
rajnd progression, would not a broad, padded, singfe toe ^ 
more serviceable for the ostrich ? But the two toes seem as 
weU fiooed in their present relative proportions as in any other 
feature of the biro. A stage in retronession is therefore not 
ileoessarily succeeded by another. There appears to be a 
dfiKa-^eness, a completion, about the evolutionary stage 
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in the foot of the ostrich which would hardly be expected of a 
condition which has been attained as a result of gradual, 
continuous transformation ; for it is reasonable to ask why 
it s^uld proceed to a certain stage and no farther. We have, 
moreover, no evidence that the two-toed state has been attained 
by gradual reduction from a three- or four-toed ancestry, any 
more than there is evidence that it will ever become one-toed. 

Lamarckism—The Ankle Callosities of the Ostrich 

Before leaving the ostrich I cannot refrain from referring 
to another feature of evolutionary significance, which is directly 
dependent upon the reduction of the toes. It is set forth as a 
remarkable illustration of the continued persistence of a non¬ 
functional structure, and of the non-heritable nature of a 
new adaptive character, consistently acquired through hundreds 
or even thousands of generations. 

When half crouching, the whole weight of the ostrich is 
supported upon its ankle-joint behind and its two toes in front, 
the toes and tarso-metatarsus forming a wide angle with the 
ground ; when fully crouching, the weight becomes partly 
borne by the large sternal callosity in front and the small pubic 
callosity behind. At the time of hatching a well-developed 
callosity is present over the ankle-joint, S5rmmetrical with the 
long axis of the shin bone and the big toe ; but the chick does 
not make use of this in crouching. It rests upon an adjacent 
inner projection of the ankle, and the skin and scales here 
gradually thicken and form an accessory pad. 

The interpretation of the hereditary and of the acquired 
callosities is simple when we consider the evolutionary history 
of the ostrich. In its ancestral, three-toed condition the 
crouching bird would have three points of support in front, 
and the weight would be transmitted through tne median part 
of the ankle, symmetrical with the three toes. In this case the 
median, hereditary callosity would be functional. When the 
bird lost the inner (second) of the three toes, the front axis of 
support was changed, and the tarso-metatarsus and ankle-joint 
tilted inwards, in such a manner that the bird rested upon a new 
projection at the ankle, and the response of the skin to the 
pressure and friction with the ground produced a new thickening 
adjacent to the old. Its gradual formation can be observed ' 
on anyostrich chick. 

It is therefore manifest that in its ancestral, three-toed 
stage the hereditary axial pad was functional in the ostrich, 
but on mechanical grounds has been useless since Pliocene 
times, when the bird had become two-toed. Though non¬ 
functional, however, it still persists in its full development* 
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Sinoe the assumption of the two-toed condition, the adaptivei 
accessory callosity must have been formed anew with each 
generation, and yet has not become transmissible. 

We thus have a natural experiment, extending over 
thousands of generations, demonstrating that a useless character 
does not necessarily retrogress, while an acquired modification 
of a like nature does not necessarily become nereditary. Lately 
the alternative view, namely, that an acquired character may 
become transmissible, had been much to the fore, largely 
through the persistent advocacy of Prof. E. W. MacBride 
(Science Progress, July 1923), who finds his support mainly 
from the experiments of Prof. Paul Kammerer, University of 
Vienna, with amphibians and ascidians. It is an advocacy 
which every zoologist desires to see justified by further experi¬ 
ments, and thus afford an explanation of much that is hitherto 
inexplicable in adaptive evolution. The ways of nature are 
many. 

Orthogenesis—^The Limbs of Serpentiform Lizards 

Impressed with the fixity of the reduction phase in the foot 
of the ostrich, studies have been made of certain of the many 
instances of degenerate limbs and limb-girdles met with in the 
lizards and snakes of South Africa. A brief account of the 
serpentiform lizards comprised under the genus Chamasaura 
was given at the last meeting of the Association. Three species 
of the genus are known, restricted to South Africa, namely, 
C. anea, C. anguina, and C. macrolepis, all found under simile 
conditions. The retrogression and loss of limbs are here 
associated with an increased length of tail, not with an increased 
length of body, the latter being the case in many limbless 
lizard (Acontias) and all snakes. 

In C. anea both the fore and hind limbs are of the normal 
lacertilian type, but greatly reduced in size, the former varying 
in length from 9 to ii mm. and the latter from 14 to 16 mm. 
Within the limits of these small fluctuations the size of the 
Umlte appears to be fixed, without transitional stages towards 
the larger limbs of ordinary lizards or the smaller ones of the 
two otW species. The numerous specimens dissected show 
no departure from the pentadactyle type as regards the number 
of digits and phalanges. 

In C. anguina abo both pairs of limbs are present, but the 
digitate character is practically lost, each limb being styliform, 
with only a hint of an external separation into one or two 
minu tely clawed digits. The fore-limbs are only 6 mm. in 
length and the hind 8 mm. Dissection reveab but two digits 
^ tlte fore-limb, the second and third of the penta^bctyle 
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series, each with a loss of certain of the phalange. The hind- 
limb shows rather more variation. The third digit may have 
two or three phalanges and the second only one or two ; or in 
the latter they may be wholly wanting, and only a vesti^ of 
the metatarsus remain. In the tarsus a single proximal cartilage 
occurs and one or two elements in the distal row. 

Two specimens only of C. macrohpis have been available, 
and both show further reduction compared with the previous 
species. The fore-limb has entirely disappeared, though its 
girdle is present in its entirety; while the hind-limb b a 
mere vestigial style 6 to 7 mm. in length, terminating in an 
extremely minute claw. Only the middle digit remains, with 
two phalanges, while the metatarsus and the tarsus are 
represented by but a single bone. 

Comparison of the number of specimens available suggests 
that the retrogressive stage is fixed and distinctive for each 
species, due allowance being made for the variations always met 
with in any mixed population. Taking the three species as a 
series, however, they present practically every stage in the 
degeneration of the pentadactyle limb from its normal condition 
to its complete absence in the case of the fore-limb of C. macro- 
Upis. On the older interpretation they would undoubtedly 
be regarded as a continuous evolutionary series, illustrating 
the gradual stages according to which limb degeneration pro¬ 
ceeds : first a diminution in size, second a loss of the first and 
fifth digits, then the disappearance of the second and fourth, 
and finally complete loss of the whole limb. On the hmba 
alone it might m assumed that C. eenca was the older form, 
nearest the original ancestor, that C. anguina has evolved from 
it, and that C. macrolcpis is the final derivative, though aU 
have survived. 

From a Mendelian standpoint, however, the three stages caE 
for a different interpretation. Each may be regarded as the 
manifestation of a separate and distinct germinal change in the 
common ancestor, fixed for the time being, and not necessarify 
transitional towards further loss. Each would represent a 
distinct phase of degenerate evolution, wholly uncoimected 
with the two others ; angina need not have passed through an 
etnea stage, nor maorMcpis have descended from anguitm. 
Unlike the reduction in the toes of the ostrich, no adaptive 
advantage can here be involved as between one stage and 
another, and selection cannot have been operative. Tiie toss 
of limbs, correlated with the elongation of the tail, restricts 
the creatures to a crawling habit, and may enable them to move 
more freely among the vegetation and under objects and 
within crevices, and thereby slightly to extend the sfbere at 
their activities. But we can just as readily hold tnat aa^^ 
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duuigie of habit has been neceMitated by the reduction of the 
Ifaabs and elongation of the body. 

TaJdng a survey of ihe large family of lizards, Scincidse, 
Gadow has also remarked ('* i^phibia and Reptiles," Comb. 
Nat. Hist, vol. viii, p. 560): " Every stage from the fully 
developed and functional pentadactyle limb to complete 
absence of limbs is represented. There are species within the 
same genus with five, four, three, or two fingers or toes. There 
are Smnks without fore-limbs, but with vestigial hind-limbs, 
and tfics versa. The interesting point is that these reductions 
do not indicate relationship within the family, but have 
happened independently. They are impressive illustrations of 
convergent retrogressive evolution." 

If we accept the Mendelian interpretation of separate and 
independent factorial changes in the ancestral germ plasm for a 
living transitional series such as Chamtssaura affords and the 
Sdncidse generally, are we not impelled to do the same for all 
the striking transitional series which palaeontology affords, and 
which are deemed to be the best illustrations we possess of 
continuous orthogenetic evolution ? Were the former found 
fossil, particularly in successively later strata, the three species 
would most certainly be held to be a successional genetic 
series in limb degeneration. May not doubt even be cast upon 
the accepted phylogeny, say, of the horse, as interpreted from 
paleeontological records ? If the successive digitate formulae 
of Chatmesaura have been separately acquired without genetic 
significance, may not the four-, three-, and one-toed condition 
of the horse likewise represent independent losses, the result 
of distinct germinal changes ? The fact that the stages an 
found in successively younger rock formations is significant, 
bat has no necessary bearing upon the genetic relationships. 
liMidehmn seems to impel us to think of the many known 
transitional graded series of both extinct and living forms as 
having aiisen apart and independently, not in an orthogenetic 
sequence, much after the manner which Morgan has shown to 
bethe case with regard to the graded series of wings, body colours 
and eye colours procurable among the mutants of Drosophila, 

FnoTY AND Persistency of Vestigiai. Structures^-Luu 
Girdles op Snakes 

The thread snakes, Glauconia, and the worm snakes^ 
TippMaps, as well as the Pythons and the slow-worm Aeontm, 
a&‘|asses8 relics of the pelvic girdle in one phase or another of 
diq^eneration, and in certain instances vestiges of the hind 4 imbB 
Numerous specimens of each are in most cases available 
Africa, and from the study of these it has been possible 
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to draw certain conclusions as to the manner in which degeaerao 
tive evolution takes place. Details, with illustrations, will 
shortly be published, but the results may be briefly indicated. 

In the case of any one type it has been found that the 
degenerative phase is a fixed characteristic, though with 
considerable fluctuation, such as might reasonably be expected 
in vestigial structures probably of no functional value. Thus 
as regards Glauconia, over thirty specimens have already been 
dissected, and it has been possible to compare the girdle with 
that of a species in distant Venezuela. Yet practically no 
departure from the type has been encountered, and nothing to 
suggest that the degenerate stage reached is not as fixed for the 
genus as is any of its other characteristics. Five of the hundred 
or so species of Typhlops, widely distributed throughout 
tropical and sub-tropical regions, have also been examined and, 
with fluctuating variations in all directions, the degenerative 
phase of the pelvic girdle appears to be the same wherever the 
genus occurs. 

No one questions the original ancestral nature of the limbs 
and limb-girdles of the lizards and snakes, and that the numerous 
degenerate types now met with represent different stages in 
their retrogressive evolution, which has probably taken place 
independently in a part of the germ plasm common to all. 
A proper interpretation of the conditions which they display 
may therefore help in some measure to indicate how evolution 
proceeds. On the principle of evolution by gradual transfor¬ 
mation it would be difficult to conceive that the same phase 
could have been reached by all the individuals of a species or 
genus in any particular area, much less by representatives in 
areas far apart. There is, however, a definiteness, a completion, 
about each particular phase, wherever found, which negatives 
the idea that they are transitional from something which has 
gone before to something which will come after. 

When the limbs have wholly disappeared, as in the case of 
Typhlops and Acontias, and the girdles are altogether free from 
any attachment to the ribs or vertebral column, it is difficult 
to believe that the vestiges of the girdles have any functional 
value ; and yet the parts persist at a fixed stage for the particu¬ 
lar type. And one becomes impressed with the mea|p<e 
justification there is for the assumption that their retrogression' 
is in any way associated with disuse, or that useless, vest^al 
structures are necessarily on the road to final elimination. One 
seems compelled to the conclusion that the degenerate changes 
in any particular type are the result of definite germinal changes, 
complete in themselves. 



PROF. DUERDEN ON EVOLUTION 

By C. TATE REGAN. F.R.S. 

A CRITICISM of Prof. Duerden’s article in the same number 
of Science Progress may perhaps be justified by the tact 
that it has been put forward for discussion elsewhere : it is 
based on papers he has already published, two of which, on the 
callosities and on the feathers of the Ostrich, are of a different 
nature from the others and may be considered first. 

Prof. Duerden has observed that the sternal and pubic 
callosities of the Ostrich are developed before the chick is 
hatched ; this was interpreted by him as evidence that the 
effects of use are inherited, a conclusion that seems not un¬ 
warranted. The callosities on the foot and ankle are also 
developed before hatching, but, according to Prof. Duerden, 
the hereditary ankle pad, functional in the ancestral three-toed 
Ostrich, is so no longer, the bird resting on an inner pad that 
develop after hatching in response to pressure and friction 
with tne ground. He concludes that a useless character need 
not degenerate and a useful one need not become hereditary— 
a conclusion that seems justified by the facts as stated. But 
one would like further evidence that the inner pad does not 
itevelop except in response to pressure and friction and that the 
'■* hereditary ” pad is not functional. The two pds appear 
to be contiguous and their surfaces seem to be in the same 
plane, and it is not easy to see how an ostrich crouching in the 
sand, and resting or rolling about, could use one pad without 
the other. I put this forward not to challenge Prof. Duerden's 
observations, but to ask him to make things clear. 

Prof. Duerden’s interesting studies on the feathers and 
scales of the Ostrich might perhaps be summarised as 
follows: just below the feathered part of the leg rudiments 
d feathers appear and attain a certain development, but 
&ally abort, the cause of their suppression being apparently 
the mmuition of scales round their oases. From this 1 should 
not IQoe to draw any conclusions as to the evolution of the 
Isathcrs of Birds from the scales of Reptiles; indeed, some 
Omfaryolilgists have deduced from similar facts that the scales 
d are secondary, and not persistent Reptilian scales. 
The lemaining paj^rs support the mutation hypothesis, 
jjr *65 
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Prof. Duerden is concerned with what he believes to be 
the bearing of Mendelism on evolution, but one inay question 
whether he is quite up to date in this matter. I recall Mss 
Saunders's contribution to a debate at Cardiff in 1921 : “ Men¬ 
delism is not a theory of evolution, but a theory of heredity.” 
It is true that for a number of years biology in this country 
suffered from Mendelian dominance, and that during that 
period the Mendelians made the most confident statements 
as to the methods of evolution. But we are given to understand 
that this attitude of assertive dogmatism has been to some 
extent modified, and that nowadays the word “ evolution ” 
b not mentioned in the best Mendelian circles. Moreover, 
quite recently, the distinguished Danish geneticist Johannsen 
has proclaimed (in Her^itas) that Mendelism is concerned 
mainly with abnormal variations and that the problem of evolu¬ 
tion is not seriously approached through it. 

But, leaving on one side the que'stion whether Prof. 
Duerden interprets the teachings of Mendelism correctly, we have 
to consider certain facts that he regards as favourable to the 
mutation hypothesis. He says there is no evidence that the 
two-toed state of the foot of the Ostrich has been attained by 
gradual reduction, but here he appears to have neglected tlm 
embryological evidence, which many zoologists would regard 
as conclusive. As no alteration has taken place in the fo<^ 
of the Ostrich since early Pliocene times, he asks why, if this 
condition has been attained gradually, the transformation 
has proceeded to a certain stage and no farther ? The answer 
would seem to be that the structure is perfectly adapted and 
that the outer toe persists because it is used. However, FKif. 
Duerden argues that functional adaptability is probably not 
concerned, for if the one-toed condition of the horse be advan¬ 
tageous for rapid progression, would not a single toe be more 
serviceable for the Ostrich ? Although this kind of argument 
had been put forward before, it is difficult to believe tOAt thb 
fantastic comparison of a quadruped with a biped is meant to 
be taken seriously. On similar lines one might say tbftt the 
structure of the fore-limbs of Bats has no relation to adaptation 
for flight, because those of Birds are altogether different. 

Prof. Duerden's investigations of the degeneration of 
the limbs and correlated elongation of the body in Reptiles 
with crawling or burrowing habits lead him to similar con¬ 
clusions. He considers that we can hold that the 4^ 

structure necessitated the change of habits. '■We can, a oiar 
conception of evolution enables us also to believe that cattnili 
fishes lost their eyes and then swam into undergroun<i oa^» 
or that some terrestrial quadrupeds, finding thaw Ittm 
converted into paddles, made haste to get into the wmnr. 



THE ENDOCRINE GLANDS AND THEIR 
INTERNAL SECRETIONS 

A Brief Historical Survey 
By P. T. herring 

Ohandoi Professor of Physiology, UnivsrsUy, St. Andrsws 

The belief is common among primitive peoples that by eating 
the flesh of man or animal the partaker acquires the physical, 
moral, and intellectual qualities which characterised them 
when living. Courage, the most desirable of virtues, was 
more particularly identified with the heart, and the custom 
arose of eating the heart of a courageous foe, man or animal, 
to acquire this virtue. Closely akin is the practice among 
some savages of transferring their blood one to another in the 
belief that they are thereby made members of the same familyi 
endowed with the same attributes. Sir James Frazer, in Tfu 
Golden Bough, has much to say about these customs, and 
regards them as part of a widely ramified system of Sympathetic 
or Homoeopathic Magic. 

The doctrine of Homoeopathic Magic appears to be of great 
antiquity. Sir James Frazer calls attention to the passage in 
Ovid {Metam. vii, 272 et seq.) in which Medea restores the aged 
^on to youth by a method which may be aptly compared to 
the intravenous' injection of modern times. After many 
hsicantations and purifications, Medea pierces the neck of 
^on with a dag^r and pours into the wound a decoction 
containing, among other ingredients, the liver of a long-lived 
deer and the head of a crow that had outlived nine generations 
of men. Ovid’s description of the rapidly rejuvenating effect 
of the altered blood as it courses through the body is roost 
realistic, and prompts the thought that more was known about 
the circulation of the blood in Ovid’s time than is generally 
simPQsed. 

To find an “ elixir vitse ” which should restore youth to the 
|ned must have been a constant dream in man’s history, 
jmm an attempt at its realisation may be dated the beginnii^ 
of the modem practice of utilising extracts of certain parts of 
body for therapeutical purposes. In 1889 Brown-S^uard, 

S«7 
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then a man of seventy-two years of age, claimed to have 
rejuvenated himself and many animals by the injection of 
extracts of the testes of other animals. Bom in Mauritius, 
the son of an American father and a French mother, Brown- 
S^quard studied medicine and took his degree in Paris. There¬ 
after he travelled extensively and practised his profession 
in Mauritius, Paris, London, and America. He was for a time 
Professor of Physiology in Harvard University, and eventually 
succeeded the great French physiologist Claude Bernard as 
Professor of Experimental Medicine in the College de France 
at Paris. 

It had long been known that the presence of the gonads, 
testes in the male and ovaries in the female, is necessary to the 
body for the development and maintenance of the sexual 
characteristics. Bordeu, a Court physician to Louis XV, is 
stated to have been the first to ascribe this influence of the 
gonads to an internal secretion; but Berthold in 1849 was the 
first to prove the fact experimentally. Brown-S^quard really 
drew attention to the subject, and went further in ascribing 
to the gonads not only the property of regulating the sexual 
characters, but also the power of rejuvenation of the body by 
means of an internal secretion. 

The conception of an internal secretion as a function of 
certain organs of the body was mainly established by the genius 
of Claude Bernard. Born in 1813, Claude Bernard was one of 
the pioneers who made modern physiology. Among his many 
discoveries was that of the function of the liver, in storing 
sugar as glycogen and liberating it into the blood to supply 
the tissues as they require it. Bernard applied the term 
" internal secretion ” to the action of the liver cells in giving up 
sugar to the blood. The expression “ internal secretion ” 
might be used to denote the passage of any material, waste or 
otherwise, from the cells of the body into the blood; but 
physiologists now use it in the more restricted sense to indicate 
the secretion by some organ into the blood of a definite chemical 
material which is essential to the proper maintenance of func¬ 
tion of other organs. Brown-S^quard probably received his 
inspiration from the work of Claude Bernard, but his own woifk 
had not the same exactitude. 

The new treatment was used extensively in the fatwpitals 
of Paris, and the “ Brown-S^quard Elixir," as it was termed, 
had great repute for a time. Gradually, however, its popuhuity 
waned and eventually its employment became a matter of 
ridicule. The treatment was said to have produced an imi«ove- 
ment in some of the numerous patients who received it, but 
time showed that it did not prolong the allotted span of Rfe 
in any appreciable degree. Brown-Sdquard, himself, died la 
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1894 at the age of seventy-seven, five years after his alleged 
rejuvenation. 

Quite recently a modification of Brown-S^quard’s treat¬ 
ment has been revived, and has attracted considerable attention 
by reason of frequent paragraphs in the daily papers, where it 
is designated the " monkey-gland treatment.” 

This time a Russian, Dr. &rge Veronoff, also working in the 
College de France and a surgeon to the Russian hospital in 
Paris, has introduced a method of transplanting testicular tissue 
into the bodies of elderly men. The exf>eriments were first 
of all made upon sheep and goats, and it is claimed that sufficient 
success was met with to warrant its trial upon man. The 
difficulty was then encountered that grafts of testes from most 
animals are incapable of survival in the human body, and in 
order that survival may be possible it is necessary to employ 
grafts from human testes or from the testes of a species of 
animal as closely allied to man as possible. Voronoff accord¬ 
ingly used grafts from the testes of the chimpanzee, and 
reports that in many instances men so treated have under¬ 
gone a marvellous transformation. Elasticity has been re¬ 
gained, mental and muscular vigour restored, and even sexual 
potency is said to have returned. Dr. Retterer, who has 
worked with Voronoff, claims that the transplanted grafts 
frequently survive for long periods, and the inference is drawn 
that the surviving cells furnish an internal secretion which 
brings about the rejuvenating effect. Opinion is still divided 
as to the exact cells of the testis which produce the internal 
secretion. Besides the ordinary cells of the tubules, whose 
main function is the production of the spermatozoa, there 
are interstitial cells, the cells of Leydig, whose function may be 
the formation of an internal secretion. Professor Steinacn of 
Vienna^ calls the interstitial cells the ” puberty gland,” on the 
supposition that they furnish the internal secretion which 
controls and directs the bodily changes occurring at puberty. 
Voronoff and Retterer, on the other hand, believe that the 
ordinary glandular cell is the active agent producing not only 
spermatozoa but the internal secretion, and claim that it is 
this cell which survives in their experiments. 

The advantage of the graft over the injection method of 
Brown-S^quard is obviotis, provided that the internal secretion 
of the surviving cells really has a rejuvenating effect, a th«is 
which still remains to be proved. The grafting method has 
this disadvantage, that the necessary material is rare and 
expensive, for ^impanzees are not readily obtained, and if 
recourse were had to human material the practice n^ht Im 
fraught with grave social dangers. 

Dr. Marshall, Reader in Agricultural Physiology in Cam- 
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t»idge, in a recent article upon the subject {Netuf*, Dec. aa, 
1933, p. 904), looks upon Voronoff’s operation as being st31 in 
the experimental stage, possibly capable of bringing about 
some result, but not necessarily all that is claimed. In reppurd 
to some of the beneficial results recorded, Dr. Marshall is of 
the opinion that the effects of “ suggestion ” are not 
satisfactorily excluded. 

Apart from the question of rejuvenation, it is now thoroughly 
established that the testes and ovaries do produce internal 
secretions, and continual work is in progress to ascertain their 
exact effects. The actual substances formed by the cells and 
secreted into the blood have not been isolated, and nothing is 
known of their chemical composition. Poehl in 1891 claimed 
to have prepared a substance of definite composition from the 
testes which he called “ spermine,*' and stated that its injection 
into the body has a beneficial influence. Extracts of the gonads 
and other organs are prepared from animal material By the 
manufacturing chemists, and are widely advertised in medical 
journals. Their use is at present empirical, but good ^ults 
are said to follow their administration in certain conditions. 

Internal secretions are now known to play a very important 
part in the ph3rsiology of the body, and the organs producing 
them are called “ endocrine ’* organs or glands (&'&», within, 
Kplintt, I separate). The endocrine organs are sometimes 
termed ** ductless glands,** because they assess no ducts and 
their secretion passes either directly from ttie gland>cell into the 
blood, or into the blood indirectly through the l3rmph>stream. 
The term ** ductless gland '* is not an appropriate one in this 
connection, for there are ductless glands, such as the spleen and 
lymphatic glands, which liberate formed elements or white 
corpuscles into the blood and lymph, yet do not, so far as is 
Imown, produce an internal secretion. The term '* endocrine ** 
has a detoite meaning, and can be applied to all cells which Imve 
the function of secreting into the blood a chemical material 
having a physiological action upon some other part or parts 
the body. 

The endocrine organs comprise such diverse structures as 
the thyroids, parathyroids, suprarenal capsules, pituitary body, 
pineal body, islets of Danger bans of the pancreas, and cettaps 
cells in the mucous membrane of parts of the alimenta^ 
canal and in the male and female gonads. Besides these there 
may be other tissues in the body which produce an internal 
secretion, but are not as yet definitely recognised as having this 
function. 

Some of the internal secretions have been identified chenii- 
cally and even synthetically prepared by the manufactmiaag 
chonist for therapeutical purposes. Othm are recognised only 
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Iqr Hms they produce upon certain living structures ; their 
iDOmposition is unknown. Some can be prepared in a more or 
leilw mpure state from the organs producing them by methods 
Of extraction and precipitation. Such is the present position 
with respect to the recently discovered internal secretion of the 
islets of Langerhans of the pancreas named insulin." In 
the course of time it is to be hoped that the exact chemical 
nature of this substance will be determined and that it may 
then be prepared synthetically. The expense of extracting 
it from the j^creas is very great owing to the small amount 
actually existing in any one animal. 

In 1902 Dr. Bayliss (now Sir William Bayliss) and Professmr 
Starling, then at University College, London, ascertained that 
t^ stimulus to the secretion of pancreatic fluid during digestion 
is an internal secretion liberated by the epithelial cells of the first 
part of the small intestine, which is passed into the blood and 
carried by it to the pancreas. The internal secretion of the 
epithelial cells of the intestine they termed " secretin.” 

This discovery opened up a new and fertile chapter in 
physiology. It was at once apparent that the activity of an 
organ may be influenced by chemical substances carried to it bv 
the blood as well as by nerve impulses reaching it through 
the nervous system. Bayliss and Starling gave to these 
internal secretions which act as chemical messengers the name 
" hormone ” {opfum, I stir up), a term which is now thoroughly 
established. A hormone is a chemical excitant, but the eirects 
of its action are not necessarily those of increased activity. 
I^fessor Sir £. Sharpey Schafer has proposed the general 
term " autacoid ” (avr^v, self, dtcov, a remedy) to denote 
a chemical substance formed in the body which has a drug- 
Uke action. He has also divided autacoids into two groups : 
one, the hormone which brings about increased activity; the 
other, the " chalone " (xaXdm, I make slack), which diminishes 
or stops activity. The expression *' hormone "is, however, 
commonly employed to denote any internal secretion or 
chemical messenger, irrespective of whether its action is 
stimulating or inhibitory. 

Hormones are supposed to be chemical substances of com* 
paratively simple composition and of some stability. Tiiey 
tat not destroyed by heat, and differ in this respect from enzjrmes 
or ferments. Their influence is exerted in diverse ways ; some 
are rapid in action and are quickly destroyed or eliminated 
from the body, so that their effects are not too prolonged ; 
others act slowly, particularly those influencing growth, and are 
cumulative in their effects UTOn the body. 

Some autacoids are not dmtroyed by the process of diction, 
Mld rai^ therefore be administered by the mouth and at 



57a SCIENCE PROGRESS 

into the blood from the alimentary canal without loss of aetiid^. 
The active principle of the thyroid gland is an example of this 
class. Others, again, are unfortunately destroyed and cannot 
be so given. Insulin furnishes an example of the latter class. 
It is true that a certain amount of insulin may be absorbed, 
especially when administered in alcohol; but the amount of 
at»orption is uncertain, and as the material is expensive and a 
carefully graduated dose is necessary, it is the custom to give 
it by hypodermic injection. 

The first definite step in the successful treatment of disease 
by the administration of a tissue extract was made in 1893, 
when Dr. George R. Murray, a physician in Newcastle-upon- 
Tyne, gave hypodermic injections of extract of the thyroid 
gland of the sheep in cases of myxoedema. Very shortly 
afterwards Dr. Fox and Dr. Hector Mackenzie were able to 
demonstrate that the extract was equally effective in curing 
the condition if given by mouth. The rapidity and complete 
success with which the cure is effected is the more striking because 
of the extreme difference which exists between the physical 
and mental conditions of the myxoedematous and normal 
individual. It were difficult to imagine a ^eater contrast. 
The treatment was extended to that of “ cretinism," and met 
with equal success. The use of thyroid in these conditions 
was not empirical, but followed upon a great deal of experi¬ 
mental work on animals which revealed the importance of the 
thyroid glands and gave some knowledge of their functions. 
In 1856 Schiff had ascertained that extirpation of the thyroids 
in dogs invariably led to fatal results. In 1873 Sir William 
Gull described " a cretinoid state supervening in adult life in 
women " to which the name " myxcedema ” was subsequently 
applied ; and in 1878 William Ord, a physician to St. Thomas’s 
Hospital, verified the relationship of this disease to chaises 
in the thyroid gland. Subsequent work by Kocher in Switzer¬ 
land, and by Reverdin, established the identity of the symptoms 
of loss of thyroid in man with those produced by the experi* 
mental removal of the gland in animals. Further knowledge 
of the condition was revealed by the work of Victor Horsley 
and others in this country and by Munk in Germany. 

The nature of the autacoid, hormone, or internal secretion 
of the thyroid has been much investigated. In 1895 Baumann, 
a German chemist, isolated a substance rich in iodine to which 
he gave the name “ iodo-thyrin.” More recently KendaU in 
Chicago has identified the active principle as a compound of 
iodine with oxyindole, and terms it “ thyroxin." The manu¬ 
facture of the autacoid in a pure form is not a matter of mudi 
therapeutical moment, for the extract of thyroid does equally 
well, is readily obtained, inexpensive, and stable. Its administra- 
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tion by mouth is so convenient and satisfactory that attempts 
to transplant grafts of thyroid in order to get a continuous 
liberation of the autacoid in the body have not been tried to any 
extent, though unsuccessful experiments of this nature vrcrt 
made before the oral treatment by extracts was established. 
Temporary success by grafting was claimed, but the grafts 
were sooner or later absorbed and their effects lost. 

The autacoid of the thyroid has the property of stimulating 
the metabolism or chemical changes in the body, and without 
its influence the fire, so to speak, fails to burn. The thyroid, 
in its action, has been compared with the draught of a furnace, 
stimulating more especially oxidation in the body. An excess 
of thyroid secretion leads to increased metabolism and may 
go on to the production of the disease known as Graves's 
disease or exophthalmic goitre. Deficiency of the secretion 
has the opposite effect, and is the cause of cretinism in the 
child and of myxoedema in the adult. Intermediate conditions 
are not infrequent, and the physician finds in thyroid extract 
a useful and powerful remedy when properly applied. 

Closely associated anatomically with the thyroid gland 
are the parathyroids, minute glands which were first described 
by Sandstrdm in 1880. Their independence of the thyroid 
was recognised by Gley of Paris in 1891, but the distinction was 
not at first appreciated. The autacoid furnished by the para< 
thyroids has not been isolated, but has been provisionally 
named " parathyrine ” by Sir E. Sharpey Schafer. Its 
absence is said to be responsible for a condition known as 
“ tetany," in which certain convulsive movements of the 
extremities occur. The symptoms are alleviated, according to 
MacCallum of America, by the administration of calcium 
salts, and the parathyroids have been thought to regulate 
the calcium metabolism of the body. Other workers have failed 
to substantiate this view, and more recently it has been shown 
by Professor Noel Paton of Glasgow that the parathyroids 
control the metabolism of certain nitrogenous materials, 
and that in the absence of the parathyroid secretion a poisonous 
substance, guanidine, passes into the circulation and produces 
the symptoms of tetany. The hypodermic injection of extracts 
of the parathyroids has been used in the treatment of tetany, and, 
it is claimed, with success. Little, however, is known a1x>ut the 
nature of the autacoid, and although parathyroid extract is 
prepared by some of the large manufacturing fims, its potent^ 
and the indications for its use are more or less unknown. 

An example of an autacoid which has an immediate and 
extremely powerful action is that found in the medulla of the 
suprarenal glands. The cells which secrete this Imnhone are 
caUed chromaphil or chromafihne cells, from the property they 
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possess of being readily stainable by chromic acid and Ha 
salts. They are not strictly confined to the medulla of the 
suprarenals, but occur in other situations in associations with 
cefis of the S5anpathetic ganglia. 

The physiological action of extracts of the suprarenale was 
first discovered bj^ Fod and Pellacani in 1879, but was more 
thoroughly investigated by Schafer and Oliver, working in 
University College in 1895. The autacoid was isolated in an 
impure condition by V. Ftirth in Germany and by Abel in 
America. It was eventually prepared in a crystalline form by 
Takamine, a Japanese chemist working in Chicago, and by 
Aldrich, also in America. It has received various names, 
suprarenin, epinephrine, and adrenalin; the latter name, 
given to it by Takamine, has been adopted by the British 
pharmacopoeia. The substance is also prepared synthetically 
and has other trade names. 

Adrenalin, when injected subcutaneously or intravenously, 
stimulates all those structures which are supplied by sym¬ 
pathetic nerves, giving a general effect similar to that of 
universal stimulation of the S3rmpath€tic nervous system. 
Its action upon the individual organ depends therefore upon the 
nature of the response of that organ to sympathetic stimulation, 
increased activity following if the nerve is excitatory, diminished 
activity if the nerve is inhibitory. 

Brown-S^quard was the first to ascertain experimentally 
that the suprarenals are essential to life, and it is now generally 
agreed that the cortex of the gland and not the medulla is the 
vital part. Different views are held as to the function of the 
medulla. Many physiologists, influenced by the work of 
Neil Stewart, an Edinburgh graduate who has taken a im¬ 
minent part in the development of physiology in America, 
do not regard adrenalin as an internal secretion ; some take 
the view that adrenalin is only secreted in certain states of 
emergency; while others regard it as a true internal secretion 
of the greatest importance. Whatever may be the destiny 
and significance of adrenalin in nature, there is no doubt that 
its discovery has provided Medicine with a powerful and quickly 
acting drug which is often of great value to the physician. 

Little IS known about the function of the cortex of the 
suprarenal body. Addison's disease, a rare condition described 
in 1854 by Thonms Addison, then a physician to Guy’s Hospital, 
is associated with destructive lesions of the gland, and is 
c^racterised by great muscular wea^ess and a peculiar famnxihg 
of exposed parts of the body. The use of extracts has not been 
attended by any great success in this condition, though tem¬ 
porary improvements have been noted. 

The pituitary body, or hypophysis cerebri, a small i^aJid 



THE ENDOCRINE GLANDS S7S 

ia the skull at the l»se of the brain, has a dual oii§^ like the 
sttprarenals, and its two parts have distinct functions. The 
physiological action of extracts was also discovered by Schafer 
and Oliver in 1895. It was soon ascertained that this activity 
was a property of the posterior or nervous lobe. The autacoid, 
or autacoids—^for there is reason to believe that more than one 
are present—have not been isolated, but concentrated extracts, 
named pituitrin or infundibulin, are prepared from the pitui- 
taries of oxen by the big chemical firms. The preparation 
is administered by hypodermic or intravenous injection, 
and is a powerful stimulant of the plain muscle of the viscera, 
and especially of uterine muscle. It is also an excellent 
stimulant of the circulation, having an action in this respect 
which is less powerful but more lasting than that of adrenalin. 
Pituitrin also has the effect, when injected into a lactating 
animal, of increasing the flow of milk from the mammary gland. 
The drug has been tried on milch cows, but fails to increase 
the amount of milk, and is not likely to be adopted by the 
dairyman as a commercial venture. 

The significance of pituitrin in the animal economy is not 
understood, for the posterior lobe producing it, like the medulla 
of the suprarenal, does not appear to be essential to life. The 
anterior lobe, on the other hand, provides some material which 
is ateolutely necessarjr. Hypertrophy, or increased activity 
of the anterior lobe, gives rise to giantism if occurring early 
in life, and to a peculiar overgrowth of the skull, han&, and 
feet, if it occurs in the adult. The latter condition was first 
recognised by Pierre Marie in 1886, and was named by him 
" acromegaly ” (5*pow, a point, extremity, large). 

Diminished activity 01 the anterior lobe results in extreme 
adiposity, cessation of growth if occurring in early life, and 
atrophy of the gonads, with the appearance of many feminine 
traits in the body if the individual afflicted is a male. There 
b some diversity in the actual phenomena met with clinically, 
but these are perhaps the most characteristic. Somnolence b 
sometimes an accompaniment, and the fat boy in Ptcktoidt 
b often referred to as an example of pituitary deficiency. The 
synmtoms can be produced experimentally in animab. 

There is no doubt that the anterior lobe produces an auta¬ 
coid which has a general influence upon metabolbm and 
affects the growth of bones and the development of the gonads. 
The nature of the autacoid b unknown. Extracts have been 
used in cases of deficient secretion with beneficial results in 
some but not in all. A material was prepared by Brailsford 
Robertson in Califonua in 1916 which was alleged to be the 
growth^xmtrolling principle, and was named by hun **tethelin ** 
growb^y. Wonderful results were repbrted'finomJts 
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empIo3rment, but these have not been substantiated by othw 
workers. Remarkable achievements in egg-lajring have alM 
been alleged when extracts of the anterior lobe are administered 
to laying hens. These happenings were widely known in 
America, and it is significant that no commercial use has been 
made of them. 

Within the last year attention has been directed to the 
discover of an active principle in the pancreas. In 1889 
V. Mering and Minkowsky ascertained that removal of the 
pancreas in dogs was followed by a rapid wasting of the body 
and the presence of large amounts of sugar in the urine, the 
condition being practically identical with the disease “ diabetes 
mellitus " of the human subject. Further experimental work 
and pathological observations led to the conclusion that the 
islets of Langerhans in the pancreas are the structures responsible 
for an internal secretion which regulates the metabolism of 
sugar in the body. The islets are small and diffusely scattered 
through the pancreas, but in some bony fishes, as was pointed 
out by Dr. Rennie of Aberdeen, they are aggregated together 
as a distinct portion of the pancreas. Many attempts have 
been made to isolate the hormone and to demonstrate its 

E resence. Some of these attempts, in the light of our present 
nowledge, were all but successful. The hormone was confi¬ 
dently predicted and was provisionally named “ insulin ” 
by Sir E. Shari)ey Schafer some years ago. 

It was left, however, to Dr. Banting, with the aid of Dr. 
Best, working in the physiological department of Toronto 
University under the direction of Professor Macleod, a graduate 
of Aberdeen University, to make the discovery in 1923. Dr. 
Banting graduated in Toronto in 1916, and after serving in the 
army and winning the M.C., returned to Toronto and made a 
resolute effort to throw light upon the question. His first 
attempts were influenced by the failures of others, and it was 
thought that the hormone might have escaped detection by 
being destroyed by the ferments which are formed by the 
glandular cells. Dr. Banting, therefore, took advantage of 
the fact that previous ligature of the pancreatic duct causes 
atrophy of the glandular cells but not of the islets. Ligature 
of the pancreatic duct was done in dogs, and after a sufficient 
time had elapsed the animals were killed, extracts of the remains 
of the pancreas rapidly made, and injected into dogs from which 
the whole pancreas had bwn removed. The extracts were 
found to be effective in alleviating some of the symptoms and 
in temporarily reducing the glycosuria. It was then ascertained 
that the hormone could be obtained from the whole pancreas 
of norma^l animals, and a method of extracting it in a sufficiently 
pure form was elaborated by Dr. Collip, one of their co-workers 
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ia Toironto. The pnreparation proved to be effective in rest(»ing 
human beings from diabetic coma, a condition which had 
hitherto been invariably fatal. The great importance of the 
discovery was at once apparent. News of it spread far and 
wide, and generous provisions were made to enable mankind 
to reap the full advantage. The Medical Research Council 
were invited to control the production and distribution of 
insulin in Great Britain, and have done so with a rapidity and 
efficiency which could not have been attained by any other 
means. 

Insulin is now prepared by several large firms and is 
standardised by physiological methods. Improvements in 
its manufacture will take place, and in course of time it is 
hoped that the active principle will be isolated and prepared 
synthetically. At present it is extracted from the pancreas 
of animals, but it may also be prepared from the pancreas of 
those bony fishes in which the islets of Langerhans are isolated, 
and in which it is found to be more concentrated. The credit 
of the discovery belongs to Dr. Banting and Dr. Best, but the 
full recognition of its importance and the efficiency with which 
further knowledge has been attained are largely due to the 
genius of Professor Macleod and the enthusiasm of the large 
team of workers associated with him in Toronto University. 
The Nobel prize in Medicine was awarded recently to Dr. 
Banting and Professor Macleod, and has been shared by them 
with Dr. Best. 

Insulin is not, strictly speaking, a cure for diabetes, but in 
some way it enables the body to make use of sugar. _ It has 
to be continually used in severe cases of diabetes and is given 
by hypodermic injection; but so long as it is given in proper 
amounts and at the right intervals, the disease does not show 
itself, and there is the hope that any islets present in the pancreas 
may recover and gradually become functional. If insulin 
could be administered by mouth it would occupy the same 
position in endocrine therapy as thyroid extract in myxoedema. 

The importance of the endocrine glands in the physiology 
of the body is established beyond question, and further impetus 
to their study will be given by the latest discovery. The 
conception of autacoids, or active principles having a drug*like 
action, is a valuable one. The body contains all the material 
which is essential to its normal working, and when all these 
hormones are isolated, and their action understood, the 
armamentarium of tl^ physician will be enormously 
strengthened. 



THE BIOLOGICAL SIGNIFICANCE OF 
PATHOLOGICAL CHANGES 


By G. W. NICHOLSON, H.A.. M.D. 

Guy's HospUat, Lomdou 

It is interesting to define the attitude of general biology towards 

E athology. I believe that most biologists whose opinion might 
e asked concerning this discipline would answer that it treats 
of the abnormal, sooner or later leads to death, and therefore 
has no bearing upon the general problems of evolution, develop¬ 
ment, and growth. They might add that they have done very 
well hitherto without any knowledge of pathology whatever, 
that those among them who possess the nodding acquaintance 
with it conferred by a medical degree do not api^ar to be 
anxious to claim it in their writings, and instance Darwin, 
Balfour, Weismann, Driesch, and many other great men in 
sup^rt of their statements. 

But these same biologists would unhesitatingly give well- 
merited countenance and praise to ex^riment, and point to 
the brilliant results achieved by experimental embryologists, 
as well as the high and well-founded hopes of even greater 
success in the future. But it may well be asked : Are not 
experimental embryologists essentially pathologists, in their 
methods at least, who investigate the reactions to an abnormal 
or pathological environment of their own creation 7 For what 
more is pathology than the study of the natural reactions to 
the abnormal environment of nature's experiments ? 

Om trouble is this: experimental embryologists are 
scientific in their methods, since they unite imagination and 
deduction with the observation of facts. We pathologists are 
but too often content with having described a fact or two. 
We rarely soar to a higher level than simple classification which, 
useful though it be, is not the highest form of science. 

There are, of course, many noteworthy exceptions. Patho¬ 
logists who have investigated changes of function have attained 
great thinp[s, and their labours have received full recogmtion 
from physiologists. But morbid anatomists rest content With 
de^niptions of obscure lesions and rare forms of common ones 
and bacteriologists spend their time in separating strains of 
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tMKteria which, although of the utmost importance from a 
at^haurian point of view, add nothing to general knowledjse. 
Thefr writings display as a rule an entire lack of appreciation 
of the light they sometimes throw upon questions of genesal 
biolomcal interest. 

Although it must be admitted that our ideas are but too 
often bounded by systematics and epistemology, we have, un* 
wittingly perhaps, described facts which are, or may be, of 
considerable general biological importance. At all events, the 
attitude adopted towards us by a good many biologists has 
not been a happy one. We have been told—^by Bonnet in 
Germany and by Minot in America, not to mention instances 
nearer home—and are still being told that our facts and con¬ 
clusions must conform in every respect with the laws of general 
biology as commonly accepted. Should this not be so, our 
conclusions must be wrong and our facts, if they be facts at 
all, grossly misinterpreted from want of general biological 
knowledge. We are advised to improve our minds by the 
study of embryology and kindred sciences. This advice is 
sound and I, for one, have long since adopted it to the best of 
my ability. But it is not, I trust, otiose or impertinent to ask 
if perchance the cap does not occasionally fit the head for which 
it u not intended. May it not be true that the general biologist, 
who studies healthy or normal organisms, has himself acquired 
a one-sided knowledge of the facts of development and growth, 
since he only sees the reactions to one kind of environment r 
This, the “ natural ” or physiological environment, is, luckily 
for us, present in the overwhelming majority of cases. But it 
has limits, though they be wide. What happens when these 
limits are transgressed ? May not the organism be compelled 
by the unusual or pathological, but not " unnatural," environ- 
inent to react by producing an unusual and pathological, but 
not " unnatural," modification of structure as well as of 
function ? 

I believe that I am right when I say that it is the orthodox 
view held by biologists that " in the adult vertebrate the 
capacity for regeneration is in most cases so narrowly limited 
that the cells of one tissue are under any known conditions in¬ 
capable of giving rise to other tissues." 1 have here Quoted 
Child, to whose brilliant researches we owe much of our know¬ 
ledge of just these processes in lower animals. Weismann 
expresses the same thought in these words : "If we take as 
our basis the law, which holds good at any rate as regards 
vertebrates, that in regeneration each specific tissue oan only 
reproduce its own specific cells ..." 

H^eneration is the peculiar province of the pathologist, 
tt is therefore incumbent upon mm to show, if he can^ that 
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both Weismann and Child are wrong, and that instaboet of 
*' heterotopic regeneration,” as I proj^se to name it, wre of 
frequent occurrence even in adult individuals of the species 
Homo sapiens. I have recently met with two instances of it 
in diseased organs, which seem to me particularly suggestive. 
I examined a consecutive series of thirty-six inflamed gall¬ 
bladders removed by operation from elderly individuals mostly^ 
who had suffered from cholecystitis and cholelithiasb. In 
twenty-four of these the epithelium lining the fundus had 
produced typical mucous glands, which are not present in 
healthy gall-bladders, except possibly in their neck. Seventeen 
of these twenty-four, i.e. 70 per cent., contained in addition 
secreting glands indistinguishable in their structure and staining 
reactions from those of the gastric type, i.e. pyloric glands and 
Brunner’s glands of the duodenum. The gastric glands were 
shown to be further stages of development of the mucous 
glands.* The percentage of cases in which they were present 
appeared to me to be much too high to be accounted for by an 
anomaly or abnormal predisposition of the gall-bladders in 
question, and I concluded that the epithelium of every gall¬ 
bladder possesses the potency and, I may add, retains it during 
life to undergo heterotopic differentiation or regeneration in 
the direction of gastric epithelium under the influence of the 
abnormal environment set up by a chronic inflammatory state. 
My second observation refers to the presence of gastric glantb 
in the sinuses of a case of tuberculosis of the vermiform 
appendix and in a tuberculous ulcer of the colon. I concluded 
that the epithelium of the large intestine shares the potency 
to undergo differentiation into gastric epithelium with that of 
the stomach and duodenum. These heterotopic differentiations 
are instances of re-differentiation or regeneration, since they 
are always preceded by a considerable amount of proliferation 
and de-differentiation of the inflamed epithelium. This bare 
statement of the facts must suffice. 

Miss Fell has quite recently published a complete histological 
description of analogous pathological processes in the gonads 
of the domestic fowl, whereby the mother of many chickens 
came to functionate as a fertile cock. She has established the 
fact that the sex-change is the result of proliferation or regenera* 
tion of the peritoneal epithelium of the ovaries, which was 
preceded by atrophy or disease of these organs in every case. 
In those in which differentiation had set in it was always 
in the " heterotopic ’’ direction, the one natural in the male 
sex, and culminated with the production of spermatogonia and 
mature spermatozoa in several instances. t 

‘1 csnaot here give even a sketch of thefar histology. An account of II 
win be fooad in the /. 0/ Path, and Baa., vd. jucvi, p. 39s, 1933. 
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are fully aware of the fact that in the lower 
animals ^lie prospective potencies of cells are wider than their 
prospective values. Driesch has said: ** There are more 
morahc^netic possibilities in each part than the observation 
of the normal development can reveal. If at each point of 
the germ something else can be formed than actually is formed, 
why then does there happen in each case just what happens 
and nothing else ? In these words, indeed, we may state the 
chief problem of our science.” But Driescn insisted upon the 
sharp separation of secondary restitution whereby ” a disturb¬ 
ance of organisation is rectified by a process foreign to the 
realms of normality ” from primary regulations, ” that lie at 
the root of true embryology.” It is not clear why he should 
have been so emphatic in drawing this distinction, unless it 
be that in it he sought for and found a proof of the action of 
an ” entelechy.” But, then, can it not be the result of differ¬ 
ences in the environment ? 

Had Prof. Child substituted the word ” normal ” for 
“ known,” I should have agreed with him. Atypical or 
heterotopic forms of regeneration are unknown in vertebrates 
in the conditions studied by biologists, but have long been 
known in pathology. How otherwise is the presence of gastric 
glands in inflamed gall-bladders and ulcers of the large intestine 
to be accounted for, and what other explanation covers the 
facts recorded by Miss Fell ? These heterotopic tissues are 
always associated with pathological lesions, and have never 
been seen in normal organs. In 70 per cent, of gall-bladders 
with pathological mucous glands differentiation of the cells of 
these glands had proceeded in the direction of gastric epithelium. 
TIhs percentage is much too high to suggest a primary abnor¬ 
mality of the gall-bladders or an unnatural predisposition of 
their epithelium in this direction. It indicates as clearly as 
possible a natural disposition or potency which remains in 
abeyance during health, but is readily evoked by a pathological 
eainronment. Not only are the prospective potencies of the 
cells of the embr3ro greater than their prospective fate, but 
they are not always lost in differentiation and development, 
siace they occasionally become evident many years later in 
response to a new environment set up by a patholo^cal lesion. 

These are the most striking instances of heterotomc r^enera- 
th>n 1 know of in vertebrates. Changes of a similar load are 
common and familiar to pathologists. Squamous epithelium 
has been recorded in pathological states in nearly evei^ internal 
mimous membrane not lined by this form of epithelium ; e^, 
the accessory air-sinuses and salivary glands, the mammary 
glands, the ependyma of the central nervous system, the tninary 
pmsages, the uterus and the epididymis, the bronchi and lungs, 
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the thyroid, the gall-bladder, and the pancreas. I have omitted 
this list cases that are, or might Im, due to suhetitution 
or overgrowth by neighbouring epithelium and to anomahet 
of development. Those that remain are genuine instances 
of heterotopic regeneration. 

Heterotopic regeneration is most often seen and easily 
investigated in the most ubiquitous of all tissues, namely, 
areolar connective tissue. Bone has been found in and arouna 
areas of necrosis and calcification in nearly every organ and 
cubic inch of the body. It is always produced by the cells 
of the supporting areolar tissue, that have proliferated to form 
a barrier of granulation tissue around the calcified “ foreira 
body." The connective-tissue corpuscles are stimulated by 
the local excess of calcium salts that are dissolved by their 
own activity to react in a manner which is physiological in 
endochondral ossification of bones. Instead of remaining 
fibroblasts, they are forced by the new or pathological environ¬ 
ment to assume the structure and functions of osteoblasts and 
bone corpuscles. 

All these pathological reactions indicate that the power 
of cells to undergo regeneration into a different specific type 
is a much more widely distributed phenomenon in the animal 
kingdom than is generally supposed. The higher the animal, 
the less does it become, but many instances of its action are to 
be observed even in man. I have recorded no instances above 
that exceed the potencies of the primary germinal layers to 
which the tissues belong. 

We may well ask with Driesch : " If at each point of the 
germ something else can be formed than actually is formed, 
why then does there happen in each case just what happens 
and nothing else ? " Two alternative explanations appear to 
be possible. In one of these the future structure that cells are 
finally to assume is predetermined in a morphological sense, 
since it is present in some part of the cell, usually supposed to 
be the nucleus, throughout the whole of its developmental 
history. This is the theory of preformation, which postulates, 
in its logical form, that development is a gradual unfolding or 
becoming manifest of structural characters that were always 
present m some form or other. Structures a, b, c, etc., are 
present in the nucleus of the zygote ; during the course of 
development they are shifted to their permanent position in 
parts A, B, C, etc., of the body. If development is normal, 
they will ultimately reach their normal positions ; should it 
be abnormal, they are shifted to abnormal situations or possibly 
damaged or killed, when other stronger or healthier characters 
vxy take their place. The body as a whole does not increase 
|a complexity of composition, it increases merely in bulk by 
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divisiozi, reproduction, and growth of the structures contained 
in the nucleus of the fertilised ovum. The individual cells 
become pr^essively more simple in composition as develop* 
ment proceeds. This theory has been formulated to include 
the phenomena of regeneration, as we shall see directly, and 
is thus covered by Driesch’s question. 

The other possible explanation postulates that the final 
structural characters are not present in the fertilised ovum. 
They gradually emerge or are evolved from simpler structures 
as something new. Thus, development and differentiation 
depend upon a gradual increase in complexity of the body as 
a whole. The final specific structure of a cell is not predeter¬ 
mined from the beginning; it is the visible expression of one 
of many alternate possibilities or ” potencies.” This is the 
theory of epigengsis. 

The instances of heterotopic regeneration described in this 
paper appear to me to afford an excellent means of testing these 
theories. Should that of preformation hold^ then how is it 
possible for gastric glands to be produced late in life in the gall¬ 
bladder, seeing that, in the terms of the theory, the epithelial 
cells of this organ contain nothing but gall-bladder characters ? 
The phenomena of regeneration have been a stumbling-block 
for this theory from the very beginning, and compelled Weis- 
mann, who worked it out fully, to postulate the presence of 
accessory nuclear specific structures or “ determinants," as 
he called them, which are present in a dormant state in all 
adult cells in every part of the body in which they are required 
by the theory, are of just such a nature and degree of complexity 
as is wanted in every given case, and thus bring about the most 
complicated regenerations we know of, including even that of the 
original ” germ-plasm ” itself. But this is nothing more than 
a mere restatement-of the fact that cells in normal conditions 


retain their physiological structure, whereas they exchange 
it for others in abnormal ones, and appears to me to reduce the 
whole theory of preformation to an absurdity. 1 see, however, 
that Aof. Hobson discusses Weismann’s theory at some lei^h 
in his Gifford Lectures. His biological section is of pecuUar 
interest and value, since it reflects the views of a well-imormed 
layman in matters biological, who is a great authority on other 
branches of science. He approves of Weismann's theory as 
a ” conceptual scheme,” which, as he himself points out, it is 
not; mid never was intended to be, but does not compare it 
witn other alternative theories, thereby suggesting that these 
are not worthy of philosophical consideration. I cannot, 
ttiifortunately for me, share Prof. Hobson’s admiration of 
purely conceptual scnemes. Biology b very far removed 
indeed from an abstract or even an exact science, and it is not 
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only useless, but positively harmful, to try to eiqilain it by 
conceptual theories in its present state. Weismann’s theory 
or, to be exact, that of preformation whose ofisprine it is, does 
not add to the facts of regeneration to my mind, but merely 
paraphrases them. I am not sure if this is not the object of, 
or at least the end commonly attained by, conceptual s^emes, 
except in pure mathematics, of which, unfortunately, I know 
nothing. 

Since preformation does not meet the requirements of 
pathologists, we will see what epigenesis can do for us. We 
have seen that the structures described above are instancy of 
regeneration. We must now emphasise the fact that they 
are all built up of typical physiolo^cal cells and tissues, whose 
structure is identical with that of the same types when studied 
in their natural surroundings. Their functions even apj^ar 
to be typical, if we can judge them by their microchemical 
reactioxis. Tne only anomaly they present is one of position ; 
they are found where they ought not to be. 

It is a truism to state that a regeneration demands an ante* 
cedent lesion. Our heterotopic tissues are therefore only found 
in diseased parts of the body, although they themselves show 
no signs of disease. They simply din the fact into om ears, a 
fact which has not received the attention it deserves, even from 
pathologists, that all pathological reactions, structural and 
functional, are the only possible reactions to the abnmtnal or 
pathological environment. They are perfectly natural and 
physiological in the changed or abnormal conditions that 
happen to prevail. If we call the normal environment N, and 
the normal structure of the tissue n, then n is the resultant of N 
and of the original potencies of the cells of the tissue. If the 
environment changes to X, Y, or Z, the resultant structure will 
inevitably change to x, y, or z, provided, of course, the tissue 
be not killed. 

We thus come to see that normality is not a clearly defined 
category as Driesch would have us believe. It is simp^ an 
accident, one of many possibilities. The correct mental attitude 
to adopt towards it is not the common one of taking it for 
granted, but to ask ; Why is it that development and growth 
so generally go right, and why is it that they so comparatively 
rarely go wrong ? 

It is only by studying the effects produced when growth 
goes wrong that we can hope to get an idea of the varied poten¬ 
cies that are contained in the cells. It is here that the Mtero- 
topic regenerations seen in adult animals appear to me to bo 
of inestimable value. Not only do they demonstrate the f^ 
tMt structure is not predetermined, but that it is simply the 
{mysiological reaction to the given environment. We cannot 
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help aeeii^; how readily it changes with the latter ; it is the 
visible expressiofi of one of many alternative possibilities. Our 
best chance of understanding large and extensive intra* uterine 
malformations and, through them, the mechanism of normal 
development, is through these comparatively simple and clear 
post-embryonic heterotopic regenerations. 

I have laid stress above upon the fact that the cells of these 
anomalies are perfectly normal or physiological. Why, then, 
are gastric glands produced by the epithelium of the gall¬ 
bladder 7 Is it because it is able to run riot because of increase 
of blood-supply or possible inhibition of nervous control, etc., 
due to the upset ” of the inflamed gall-bladder ? I suspect 
that the reasons are far simpler and more physiological. These 
gall-bladders always contain infected, purulent, and semi- 
decomposed material. May it not be that ** gastric ” secretion, 
comparable with that of the stomach, tends to neutralise the 
toxins liberated by the discharge and to inhibit bacterial action? 
Should such a secretion be demanded by the abnormal environ¬ 
ment, I can see no reason why the tissues will not react by 
producing it if they can. Our heterotopic regenerations 
would thus be the natural morphological expression of a phy¬ 
siological reaction to a change of environment. Heterotopic 
bone-formation around calcified foreign bodies is capable of 
explanation upon similar lines, since the bone surrounds and 
replaces the highly insoluble dead substance by living calcified 
tissue, and thus neutralises its irritating action. It is certainly 
a suggestive fact that Maximow found in his experiments that 
the bone is eventually completely reabsorbed after the calcified 
necrotic tissue has been dissolved and replaced by it. 

Not only are the facts of heterotopic regeneration explained 
by the theory of epigenesis, but they appear to me to give 
strong additional support to it. The cells of fully differen¬ 
tiated tissues undergo de-differentiation succeeded by regenera¬ 
tion into something new. But a fresh fact emerges here : 
Morphogenesis is not always the end of all things. The original 
prospective potencies of the cells are not alwa}rs lost for ever 
when their ultimate values or characteristic structure have 
been established at the end of development. The normal 
structure of a finished organ or tissue is nothing more than a 
FufMioH des Ortts, a reaction to the normal environment, 
since it changes even late in life with a pathological alteration 
of the latter. 

And this again suggests that Child is right when he main¬ 
tains that the least ** stable ” and therefore least " formed ** 
and visible parts of the cell are most completely aliiw, in the 
sense of being the most active agents in metabolism, and that 
a far-seeing layman in biology, Mr. Morley Roberts, has come 
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very near to the truth when he asserts that a stable structure 
like the nucleus is only a storehouse of the tools required by 
the ** living " protoplasm of the cell for the performance of its 
metabolic activities. 


REFERENCES 

Bonhbt^ Erg, i . Anai, u, Entwicklu^sgesch., vol. ix, p. 820, X900; MonaU- 
schr.f. G$burtsh, u. C^., vol. xiii, p. 149, 1901. 

Child. Senescencs and Rejuvenescence, Chicago. 1915. 

Drxbsch. The Science and Philosophy of the Organism, London. 1908. 

Fbll. Brit. Jour, of Exper, Biol,, vol. i, p. 97, 1923, 

Hobsok. The Domain of Natural Science, Cambridge. 1923. 

Maximow. Ziegler*s Beitraege, vol. xli. p. 122. 1907. 

Minot. Science, vol. xiii. p. 481. 1901. 

Moxlsy Roberts. Warfare in the Human Body, London. 1920. 

WxiSMANN. The Germ-plasm (English edition). London. 1893. 



TAR, SMOKE, AND COAL GAS AS FACTORS 
INIMICAL TO VEGETATION 

Bv J. H. PRIESTLEY, D.S.O.. B.Sc., F.L.S. 

Professor of Botany, University, Leeds 

Introduction 

The writer has been led to the study of the varied problems 
grouped under the above title, as the result of following an 
independent line of investigation in plant physiology which 
has come into contact with these questions in a very surprising 
manner that will be indicated below. These problems seem 
to be very little discussed in British journals, either scientific 
or technical, and therefore some account of the more interesting 
results of work, carried out mainly in other countries, seems to 
be justified. At a later stage the question will be asked whether 
the problem is of practical significance. It is certainly of 
scientific interest to the chemist, to the gas engineer, and to 
the botanist; the conclusion reached later is that it may 
well prove to have practical interest for the horticulturist and 
for tne public authority who is trying to provide avenues of 
shade trees in populous thoroughfares. 

Tar 

The reactions between tar and the surrounding vegetation 
will obviously vary with the nature of the tar and its method 
of use. It is an everyday experience that the vapours from 
a cauldron of heated, bubbling tar may produce local damage 
to vegetation, volatile phenols being probably largely respon¬ 
sible (Haselhoif and Lindau [lo], and Gatin [ 6 ]). Similarly 
the damage done to potatoes growing near a factory where 
carbolineum is being used to impregnate wood is easily under¬ 
stood (Sorauer [ 26 ]). But the question whether the vapour 
or dust from a tarred or asphalted surface may do harm to 
vegetation is more debatabfe and of greater practical intenst. 
The subject has been very well reviewed by Gatin £ 6 ] recently, 
this author having special opportunities to stud;;^ the problem 
in view of his duties as secretary of the commission appointed 
by the Prefect of the province of the Seine in 1911 , wmc^ was 
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chained with the duties of investigating the damages alleged 
to TC arising from this cause along the beautiful avenues 
traversing the great public parks of Paris. 

Gatin concludes that in the avenues where traffic is heavy 
and the bituminous dust lies thickly upon the neighbouring 
plants, then under hot sunny conditions damage to tne foliage 
of the more sensitive species of plants is certainly produced 
and may reach very serious proportions. He points to the 
absence of similar reports of damage from England, to judge 
from the results of an inquiry instituted by the Surveyor [35], 
and attributes this tojthe facts (i) that a more refined tar. 
the product of carbonisation at higher temperatures, h used 
upon road surfaces in England ; and (2) that we enjoy a 
lesser share of warm and sunny weather. An interesting 

Q uestion arises as to how the dust from the tar produces its 
eleterious effect upon vegetation. As the effect is sometimes 
prominent upon the opposite side of the leaf to that on which 
the dust has settled, Gatin evidently inclines to the view 
held by Mirande [14] before him that vapours from the tar 
may be the harmful agent. This subject may be woithy of 
further investigation in view of the toxic action of minute 
traces of constituents of coal gas, reported in a later section. 

Finally brief reference must be made to another way in 
which a tarred surface may affect vegetation. Such a surface 
provides a continuous and relatively impregnable surface 
crust above the soil. In cities the result will be that if leakage 
of coal gas or other noxious vapours should occur, these gases 
may be carried long distances through the soil if liberated 
beneath a tarred surface. This point is raised in the discussion 
in the Surveyor [35]. Stone [28] also draws attention to the 
long distance (2,000 feet and more) that gas may penetrate 
through gravelly soils, and Wehmer [34], in reporting a case 
of gas poisoning referred to below, points out the effect of 
the hard packed street surface in keeping the gas circulating 
around the roots of the plants. 

Illuminating Gas 

The effects of various forms of illuminating gas upon 
vegetation have been studied considerably, especially in 
Germany and America, where the problem has forced itself 
upon the attention of the investigators as the results of practical 
cases where unhealthy vegetation seems attributable to this 
cause. Unfortunately the nature of the illuminant is not 
always stated. It may be carburetted water gas, ordinary 

Whatever the nature of the illuminant, 
if suffiaently concentrated its effect upon the plant is naturally 
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unbeidthy. Such toxic action may arise from a variety of 
causes ; there are plenty of substances present in any illuminat* 
in|: ^ which in adequate concentration will be toxic. Very 
bmf consideration will first be given to observations dealing 
with cases of plant poisoning of this kind, as obviously the 
results might to anticipated and have little practical import* 
ance. In a subsequent section the very different circumstances 
connected with the poisoning of plants by small traces of gas 
in the atmosphere will be more thoroughly considered. 

The first observations are mainly German (Girardin [7], 
etc.), and so also the first experimental investigations, iuiy 
[12] killed maple, elm, and euonymus trees by big doses of 
gas, carried to the trees by pipes laid through the soil with 
burners allowing it to escape in the close vicinity of the tree. 

Spfith and Meyer [27] passed about i cubic metre of gas 
daily through some 18 cubic metres of soil. They found 
lime trees relatively resistant, but Platanus, Silver Poplar, and 
Ailanthus, amongst others, were killed by this treatment. 
Bdhm [1] grew slips of willow in water through which the gas 
was passed ; he found that the roots and the cuttings remained 
very short and soon died. Wehmer [34] reports the death 
of thirteen elm trees in a street, killed by a leakage from a 
gas pipe, the injuries produced varying in this case with the 
distance from the pipe. Shonnard [23, 24] found that, after 
exposure to a flow of gas of 1*07 cubic feet per hour for eight 
days, a lemon tree used for the experiments was in distress 
with sap exuding from the stem. In all these cases, where 
large quantities of gas are used, there are conflicting views 
as to the active toxic agent, but this is to be expected. The 
mere displacement of the air around the tissues of the plant 
may well be responsible, producing asphyxiation effects, as is 
sug^ted by Kosaroff [13] in his experiments with hydrogen 
and with carbon dioxide. Wehmer [29-34], in a recent series 
of papers, appears at times to attribute the toxic effect action 
to benzol or Its homologues, to sulphur compound, and to 
hydrocyanic acid gas. Very probably different factors are 
involved in the different cases briefly reviewed above, but no 
practical end seems to be served by a closer analysis, A 
very different case is presented by the phenomena now to be 
reviewed, where gas poisoning results from the presence of 
minute traces of illuminating gas in the atmosphere around 
the plant. 

Thx Toxic Action op Traces op Illuiiinatino Gas 

These observations have recently been briefly reviewed 
by the writer elsewhere [ao] and are now only very sl^rtly 
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recapitulated. The earliest observations date from the ex¬ 
tremely interesting German work (Neljubow [15 and 16], 
Singer [25], Richter [21], etc.) by which the toxic effect of the 
impurities of laboratory air were slowly traced to their source. 
These experiments firmly established (i) the significance of 
small leakages of gas in reference to the toxic effect produced ; 
(2) the fact that the unsaturated hydrocarbons in the gas 
were responsible for the poisonous action ; (3) that certain 
living plant, organs were especially sensitive. These German 
workers noticed the striking difference in the growth of 
etiolated plants, placed for convenience in darkness in the 
laboratory, as compared with similar plants growing in the 
purer air of a greenhouse, or cut off from the laboratory air 
by growth in the laboratory below a bell-jar, inverted over 
water. An etiolated plant such as a pea or broad bean is 
normally a curious, spindly-like structure, but grown in gas- 
contaminated air it is even more abnormal, as is illustrated 
in the accompanying photograph. Curved instead of erect, 
the stem is swollen and its growth in length has practically 
ceased. 

Since these early German observations, the thorough work 
of Crocker and his school [4, 5, 8, 9, 11], reported more in 
detail elsewhere (Priestley [20]), has shown the wider significance 
of this poisonous action produced by traces of gas. The effect 
is more pronounced on growing plants, dormant plant tissue 
being little, if at all, affected. Carnation flower buds are 
very sensitive, very young and nearly-open flower buds especi¬ 
ally so, buds at an intermediate stage less sensitive. 

Green foliage shoots are relatively unaffected, but the leaves 
show epinastic curvature, very pronounced in some plants, as 
Ricinus (Harvey [8]), Tomato (Doubt [5]), etc. 

Etiolated shoots are extraordinarily sensitive, and much 
work has been done upon them by Crocker and Knight [4] 
directed to elucidate the toxic factors at work. Roots are 
also very sensitive. Crocker and his school confirm com¬ 
pletely Neljubow’s conclusion that the unsaturated hydro¬ 
carbons present in the gas are the toxic agents responsible 
for poisoning by the gas in these very dilute concentrations. 
They show definitely that sensitive structures, like etiolated 
pea seedlings or carnation flower buds, will react to concen¬ 
trations of pure ethylene in air, equivalent to one part of 
ethylene in one million, and to concentrations of coal gas in 
air introducing equivalent quantities of ethylene. 

The different effect of various illuminating gases can now 
be understood. Oil gas, frequently employed in earlier days 
in Germany, contains very high concentration of unsaturated 
hydrocarbons ; the water gas so much employed in the United 
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States is charged with considerable amounts of these substances 
to give it direct illuminating power ; whilst in this country 
the coal gas is usually relatively poorly supplied with these 
substances. Crocker’s experiments were largely carried out 
with a Chicago supply containing about 4 per cent, of ethylene ; 
the English gas supply used in small traces to produce the 
effect shown in the photograph contains less than 2 per cent. 

Smoke 

Knight and Crocker’s experiments [ii] also show that the 
smoke given off from burning cigarettes or even from smoulder¬ 
ing pure cellulose can prove toxic to etiolated seedlings if 
drawn into a confined space of air in which the plants are 
growing. But the results here can also be traced to the presence 
of these same unsaturated hydrocarbons, and experiments 
upon the flue gases from industrial and domestic chimneys 
show that normally the vitiated air from these sources contains 
too little ethylene or other unsaturated hydrocarbon to be a 
serious source of danger to plants. Smoke-laden air can, of 
course, be inimical to vegetation in countless other ways (Cohen 

Crowther and Ruston [3 and 22]), but the special effects 
we have been considering in connection with illuminating gas do 
not appear likely to be produced by smoke-contaminated air. 

Although the experimental work done in Germany and 
America leaves no doubt that these unsaturated hydrocarbons 
are responsible for the damage done by traces of illuminating 
gas, and although very full details of the structural changes 
produced were now available, no explanation was forthcoming 
as yet as to the causes of the toxic effects. Working in quite 
a different field, the writer has obtained some results which 
seem to throw considerable light on this apparently obscure 
problem. 

The Reasons for the Toxicity of Unsaturated Hydro¬ 
carbons 

Contact was established with the writer’s work through the 
observations that etiolated stems and normal roots are both 
very sensitive to traces of gas, whilst normal shoots grown 
in the light are not. The writer had recently learnt to asso¬ 
ciate etiolated stems with roots in reference to one structural 
peculiarity that is missing in the normal stem grown in the 
ught. The original tissues of root and shoot are all formed 
by the activities of a little mass of tissue at the apex of the 
growing axis. Behind this apical meristem the tissues absorb 
water and swell in size, at the same time alterations proceeding 
in their cell membranes and contents. In the root a character- 
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istic and constant feature of the tissue changes just behind the 
apex is the development of a cylinder of cells with especial 
structural peculiarities, knovm as the endodermis. This layer 
has recently formed the sulriect of close study by the writer 
(Priestley and North [i8], Priestley ^17]), and he has learnt 
to appreciate its considerable physiological significance in 
restraining free diffusion of substances between the tissue on 
either side of it. In the normal stem, growing in the light, 
no such functional endodermis with specially modified walls 
is present, and sap diffuses freely from the vascular system in 
the central region of the plant to its surface. The superficial 
tissues of such a stem are therefore growing freely, but in the 
pea or broad bean, if such a plant is placed within the dark, 
the abnormally elongated etiolated shoot is found to develop 
an endodermis just behind the growing apex (Priestley and 
Ewing [19]). As a consequence, the sap from the vascular 
strands is kept within this endodermal cylinder and less growth 
takes place of the superficial tissue of the stem, greater growth 
in len^h taking place instead. 

When these etiolated shoots are placed in the presence of 
traces of coal gas, the shoots cease to grow in length but develop 
in girth instead. This result immediately suggested that 
under the action of the unsaturated hydrocarbons the endo> 
dermis ceased to form as a functional layer, and examination 
confirmed this supposition. Similarly in roots the gassed '* 
roots swell up just behind the tip, and in the swollen region 
breaks can be found in the normally continuous endodermis. 

There are other results of the toxic action of illuminating 
gas yet to be explained, and the subject is still under investiga¬ 
tion. The writer is not without hopes that they may find their 
solution, in part, in the similar action of the unsaturated hydro¬ 
carbon in inhibiting cork-formation, in part from the effect of 
these substances in altering the distribution of unsaturated 
fatty acids in the walls of the meristem. In every case the 
direct effect of the unsaturated hydrocarbon seems to be 
that the presence of its unsatimated linkage crowds out " an 
unsaturated acid from its normal position in the plant 
membrane. 

These unsaturated fatty acids appear to play an important 
part in the construction of the endodermis, in the deposition 
of the suberin lamella of the cork cell, and in the gradual 
differentiation of many plant meristems. 

Gas Poisoning and Horticultural Practics 

It will now be dear that concentration of gas may occa¬ 
sionally be present in tbt air around a plant which will exceed 



TAR, SMOKE, AND COAL GAS 593 


he very low concentration necessary to produce the toxic 
effects briefly referred to in the last section. In greenhouse 

E ractice, where the air space is limited and ventilation restricted. 

saky gas pipes may provide dangerous quantities of unsatturated 
hydrocarbons in the air. In urban conditions, with wide 
surface areas covered by pavement and asphalt, coal gas 
leaking into the soil may accumulate until toxic effects are 
produced upon the roots of trees. American experience seems 
to suggest that such action may require consideration where 
trees are grown for shade in public thoroughfares (Doubt), 
and the trees experience shows most suitable for the purpose 
may be relatively resistant to the gas. 

But many other factors are always at work, in urban 
conditions, to oppose the healthy growth of the plant, and 
the practical problem seems to be to ascertain, in any case 
where injury is experienced, whether this can be indubitably 
traced to the poisonous action of gas. The concentrations of 


gas shown to be effective are far below the concentrations 
which can be detected by smell. Doubt [5] in some American 
experiments states that frequent trials failed to detect the 
odour of concentrations lower than 1 part in 400 of air ; on 
the other hand, with this same gas supply (containing 4 per 
cent, of ethylene) concentrations of 1 per 1,000 were very 
Wmful to many plants. The gas esca^ may therefore not 
be detected save by the effect produced upon the plant, and 
as, when the original daman has been done, the plants are 
very susceptible to fungus disease and when examined show 
clear signs of the effects produced by such secondary causes, 
damages originally due to the continuous action of traces of 
coal gas may be ascribed on examination entirely to the 
secondary factors subsequently at work. Remedial measures 
directed to remove these secondary factors may leave the 
root of the trouble untouched. Doubt's suggestion to florists 
is that where harmful contamination by coal gas is suspected, 
vigorous plants of tomato or the castor-oil bean or other 
suitable plant should be placed in various places in the house 
and left there for twenty-four to forty-eight hours. Within 
this period at ordinary temperature the plants will resi^nd 
to the presence of traces of the gas, the most characteristic 
response being the marked epinastic movements, but with 
concentrations still below detection by odour, the plants 
named will drop their lower leaves abnormally early. 

To these su^estions of Doubt the following additions can 
be made, in the light of the writer’s experiments. If the 
effects of gas poisoning are examined at an early stage, the 
structural effects produced by the contamination should be 
quite characteristic in nature. In the roots, sweUin^ps associated 
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with gaps in the endodermal cylinder ; in stems, lesions in the 
cork accompanied by cell proliferation due to the excessive 
distension of thin lamellae lacking their normal deposit of 
Buberin ; loose proliferated tissue at the lenticel, and, generally 
throughout the plant, fatty deposits, normally present in definite 
internal structural features, missing or reduced in extent, and 
the fatty substances accumulated in the neighbourhood of 
the surface instead. Such a plant is more liable to fail to 
heal any external injury or to develop lesions as the result 
of the strains upon the covering tissues produced by the 
expansion of the growing tissues within; it is therefore an 
easy prey to fungus diseases entering the host plant through 
a wound. 

In cases where physiological experiment is not excluded 
by practical requirements, the atmosphere might well be 
tested by growing etiolated pea shoots or young pea or bean 
roots and keeping them under examination. Forty-eight 
hours will normally provide unmistakable evidence of the 
presence of toxic concentration of the gas, and the reactions 
of the etiolated shoots in particular are exceedingly char¬ 
acteristic and exceedingly unlikely in greenhouse practice to 
arise from any other cause. 

Crocker and Knight [4] in their paper upon the carnation 
have an interesting note on the influence upon the domestic 
atmosphere of the spread of electric lighting. The authors 
state that they are personally acquainted with homes where 
it had been impossible to keep carnation blooms fresh in the 
room for periods of more than a day. With the replacement 
of gas by electric light this difficulty Jias entirely disappeared 
and the blooms can be kept fresh for many days. In England, 
with a smaller supply of unsaturated hydrocarbon in the 
illuminant, this is not, p>erhaps, such a common experience, 
but the incident is worth recording, as it may supply some 
reader with a possible explanation of his difficulties in main¬ 
taining the blooms required for table decoration at a suitable 
standard of vigour. 
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SCHOOL AND UNIVERSITY SCIENCE 

Presidential Address to the Science Masters’ 
Association, January 3, 1924 

By professor ARTHUR SMITHELLS, C.M.G., F.R.S. 

During the whole of my career as a University professor 
I have been deeply, and perhaps too meddlesomely, interested 
in the school teaching of science. I appreciate more than I can 
say the honour of being called to occupy this chair for the year 
that has carried me to the ranks of the emeriti ; I feel it to be 
a great honour, bringing also the comfort of an act of absolution. 
My own teaching task has, of course, compelled an interest 
in yours, but I have been far more concerned to see how you 
fared with a much more important duty than dealing with 
those of your pupils (in the case of state-aided secondary schools, 
I understand, less than 3 per cent.) who proceed to Universities. 
You are the great missionary force of science ; it is on you 
that largely depend the establishment and dissemination of 
natural science in the general education of the multitude. 
The task has been and still is one of immense difficulty. It 
has been a new campaign, much belated, and fraught with 
quite special obstacles. It was not merely to add an extra 
to education; it was an effort to make a profound change in 
an old-time curriculum, so as to bring it into some sort of corre¬ 
spondence with the state of a changed world. For, be it for 
good or ill, the tumultuous flood of the new knowledge—^that 
of natural science—^with its attendant inventions, has trans¬ 
formed the world. I am not thinking by any means solely 
of the mastery of things material, in fact I am thinking least 
of it. I think of the far more serious implications of science 
with thought and, through that, with matters lying at the 
foundations of civilization and human happiness. 

It has been the task of yourselves and your predecessors 
to take a very difficult part in what has inevitably been an 
aggressive movement, an attempt that necessarily involved 
dis^cement—^the displacement of something very reluctantly 
39 59 ? 
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abandoned. Mr. Galsworthy has lately complained that 
science with its inventions came before the world was fit for it. 
We shall all admit at least that it came quickly, and in some 
ways more quickly than has been comfortable even for those 
of us who are in the profession. 

The campaign for “the introduction of science teaching into 
schools was only just gathering force when 1 became a Univer¬ 
sity teacher. It has proceeded steadily and has extended 
remarkably. It is, I suppose, generally considered that science 
teaching is now, broadly speaking, established as a normal 
part of school education, after a long period of waiting in the 
shades of the modern side. Science, we are continually being 
told, has gained the day and entered into her inheritance. 
Look, people say, at the schools, at the great public schools, 
listen to the great headmasters. Look at the activity of the 
State in several of its departments, and then the new Univer¬ 
sities, the Technical Institutions, and perhaps above all the old 
Universities themselves 1 Well, we admit all that; it is 
obvious. But what I, for one, do not admit—^and I believe 
I shall have many of you with me—is that, notwithstanding 
much outward and visible sign, there is anything like as much 
inward and spiritual grace as many people would have us 
believe. There is, I mean, much less real conviction and 
change of heart, and without that we cannot reckon that much 
has been gained. What is really recognized to-day as never 
before, is the might of science, rather than its right, or still 
less, if I may continue to rhjrme, its light. A considerable 

S lit of the thinking world is above all afraid of it, and I admire 
r. Galsworthy for saying so plainly what is concealed beneath 
much of the lip-service and concession that we have lately 
received from others of the class called humanists, who, though 
rarely participators, are deeply interested spectators of science. 
He announces in an underlined dictum that “ destructive 
science has gone ahead out of all proportion,” and he speaks 
of ” science more hopeful of perfecting poison-gas than of 
abating coal-smoke or cancer.” Yet “ scientists (chemists, 
inventors, engineers) have,” he says, ” for the first time the 
future of the human race within their grasp.” I do not propose 
here to discuss Mr. Galsworthy’s pronunciamento, but I do 
commend it to your attention, as an illustration of a view of 
science which you must take into most serious consideration. 
You will be struck, I am sure, by the degree to which the 
threatening aspect of science seems to predominate, in Mr. 
Galsworthy’s view, over all its graces and its services. 

There is another somewhat gloomy comment on the pr^nt 
TOsition of science for which I will myself take responsibility. 
It is that a generation of science teaching has produced a viacy 
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disappointingly small dissemination of scientific knowledge of 
an available kind among our people. I take responsibility 
for that statement, for 1 doubt whether anyone could have 
had better opportunity of testing its truth. It is not long 
since I was in charge of a school of life>saving, where we dealt 
with three million men from all classes of society, and where 
a little real knowledge of elementary science might mean, and 
often did mean to them, the difference between life and death. 
The rudiments of such knowledge were not to be found in one 
man among a hundred. The remnants that existed were of 
no avail. I think we must reluctantly admit on both counts 
that oim science, so far, has edified and instructed far less than 
was reasonably to be expected from a movement that has been 
carried out for so long and with such vigour. 

I hasten to say, however, that I am not downhearted and 
am not inviting you to any kind of desjxjndency. I should 
be sorry, too, not to do justice to the great help our cause has 
received from many outside science whose sympathy is whole¬ 
hearted. There is indeed much to encourage us, and perhaps 
sometimes we are impatient and not grateful enough for small 
mercies. If, for example, the Civil Service Commissioners 
have not yet done all we might wish, it is a great thing to have 
it agreed as a start that science is a subject every educated 
man should know a little about, even if he knows nothing of 
it out and out. 

I believe that the present time affords an opportunity for 
commending science such as has not occurred since, in the 
early nineteenth century, Davy and Faraday were expounding 
the great new knowledge of that day to fascinated audiences 
in the Royal Institution. The revolutionary discoveries of 
the still young twentieth century are surely such as have never 
been Imown before. I do not allude to inventions with their 
bewildering conquests in power and speed, or to the healing 
art with its triumphs of rescue and immunity, still less to the 
destructive arts in their annihilating might. I allude to dis¬ 
coveries in the older vast astronomy of the heavens and in the 
new minute astronomy—^the electronomy—of the atom. These 
are things about which every thinking man must wish to know 
something, and as Sir William Bragg is showing to-day, again 
in the Royal Institution, they are things which can be taught, 
in a measure, even to children. He is, of course, a master in 
the work itself and in its exposition. But we can all do some¬ 
thing, and 1 feel confident that even a little knowledge of the 
wonders which the most recent science has revealed cannot 
fail to stir the emotions of any human being endowed with 
common capacity for thought and feeling. These discoveries 
exhibit the spirit of science in its fullest glory. They must 
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surely help men to see something of the inner temple in which 
she dwells, and keep them from the impiety of letting any 
suspicion fall upon Science herself because of the misdeeds of 
those who abuse her gifts. 

For my own part, I can honestly say that nothing gives me 
greater hope for the future of our common task than my know¬ 
ledge of this very Association. I have watched it from its 
birth with the most eager interest, and by your kindness have 
been permitted to attend a number of its annual meetings. 
During the past year I have seen something of its inner working. 
I think I Imow what you are doing, and I am certain that if 
you continue strictly on the path you have so far followed, 
you have it in your power to put science teaching in a very 
different posture and to put it right. You are associated in 
a way that, if not unique, is rarely to be found to-day among 
any class of workers, namely, for the single and direct purpose 
of helping one another to do better work. You have proceeded 
strongly and steadily, and I should like to pay my tribute to 
the body of science masters of the great public schools who 
founded this Association, who have stood by it and worked 
for it, who have now extended its ambit so widely, and who, 
it is to be hoped, themselves and their successors, will continue 
to abide by you and stand high in your councils. 

I feel that, compared with what you can do for yourselves, 
it is very little that the most interested outsider can do. Yet 
I daresay you might fairly think that after my long experience, 
especially in inheriting some of your pupils and participating 
in the training of science teachers, I ought to be able to say 
something at least of a little interest from the University side. 
In making the attempt, I should like to start with the state¬ 
ment that of all the good things you have done, I reckon none 
so important or so good as your declaration that school science 
should primarily take the form of Science for All. I need not 
enlarge to you upon the ideas that underlie that declaration, 
and I should find, it difficult to put them in brief form to the 
rest of the world. Besides, it has been admirably done by 
others, and notably so by our faithful friend Sir Richard 
Gregory, in his British Association address of 1922. Perhaps 
one might say, in a phrase, that you are determined that science 
shall be studied in more effective relation with life as it is and 
things as they are in the great everyday world, and not as it 
is dealt with by professionals in seminaries. Science, in a word, 
must be humanized. Your action was in part a protest against 
the lingering assumption that a science master stands outside 
the body of teachers engaged in what is called general education 
apd that he is mainly charged with the duty of preparing a 
few boys for subsequent prof^sional study. 
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1 know very well that, though your declaration was made 
ngmitM eontradicente, there are some—it may be many—among 
your number who do not in their hearts subscribe to it. And 
I know there are outside, among those who exert considerable 
power as critics and adjudicators of your work, some who are 
more than sceptical. I should like therefore to put my advoc¬ 
acy wholeheartedly, for what it is worth, on the side of Science 
for All. 

Perhaps I may say first, speaking I know for many of my 
kind, as a University professor, that what we want to find in 
the pupils we receive from you is, above all, the real live self¬ 
acting interest in science of the amateur. We want boys who 
have the zest of the true naturalist—using the term in its full 
extension to the physical sciences—^with the habit of doing 
what they do with thoroughness both of thought and craftsman¬ 
ship. We want also, besides literacy and an available know¬ 
ledge of languages, a reasonable breadth of elementary scientific 
knowledge. The rapid growth of science is making it ever 
more and more difficult for us to include the elements of some 
of the branches of science which would be of the utmost service. 
It was little botany and zoology that one could learn at the 
University in my day if desirous of specialising in the physical 
sciences. Yet that little, which has been of inestimable value 
to me, is now usually left untouched by the honours chemist. 
The lack of a little knowledge is a dangerous thing, if you are 
a specialist —z little knowledge of many subjects and not only 
those of science. I ha,ve discovered no relation between the 
mere quantity of chemical information a pupil brings from 
school, and his subsequent progress in that science. I am 
tempted almost to say that I do not even know the type of 
the ratio. But I do know what it means to have pupils come 
with even a little, well taught, and with an eager appetite for 
more. 

I know very well the fears that attend the attempt to teach 
Science for All, and I think I know the difficulties. Something 
akin has indeed been tried before, for Huxley’s physiography 
was, I believe, in intention much the same. It failed, as I 
think the present-day attempt with an omnivorous geography 
is likely to fail; it was spread too thin, it lacked the reality 
of experimental science, and it was not at any point handled 
in a way to inculcate the method of science. I do not, of 
course, speak of what Huxley intended, but of what I saw of 
the usual attempts to teach physiography. 

No doubt the severest criticism of Science for All will come 
from a section of teachers of whom I have always stood in awe. 
We who so love science as to have taken the vow of poverty 
and become teachers, instead of perfecting poison-gas or invent- 
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ing high e3q>Iosives, should never forget that we are exceptional 
people in our enjoyment of abstract knowledge. Among us 
the mathematically gifted stand supreme in that respect. They 
are, personally, I know, as amiable and sinful as the rest of us, 
but they are apt, from unconsciousness of their special gifts, 
to favour a somewhat ascetic view of the more easy<going 
sciences, and I believe they will be genuinely and iustinably 
suspicious of any threatened abatement in what tnere is of 
a desirable sternness in our present scientific discipline. 

Of the supreme difficulties to which all good teaching is 
liable under the sway of the examination Frankenstein that 
we have created for ourselves, I will say little, for you know 
them only too well. Speaking as a University man, I would 
urge you not to relax your effort to see that, so long as there 
are examinational tests of school science, the teachers themselves 
shall have their proper share in devising and applying them. 

I think great harm has been done by Universities in this direc¬ 
tion, by allowing this most important work to fall so lai^ely 
into the hands of people who have no first-hand knowledge of 
school science teaching. Certainly University teachers would 
not for a moment tolerate corresponding conditions for them¬ 
selves and their own pupils. 

It is quite certain that, before you have developed what 
you really have in mind as Science for All, you will encounter 
great dimculties in the problem itself and within your own 
ranks. You will experience many failures, and you know, of 
course, that faults in a new way of doing things are more con¬ 
spicuous and are visited much more seriously than far greater 
faults to which we have become habituated in the older wavs. 

I wish now to draw your attention to a matter which I 
think is of paramount importance in relation to your work. 
I think the greatest difficulty for a science master in entering 
upon his duties in school is to divest himself of what I may 
call the University or professional outlook on science. I doubt 
whether there is an3r period of life at which a man has forgotten 
so completely what it was to be a beginner as during the earliest 
years of manhood. His own assimilative powers have perhaps 
just reached their fullest development, and he is exiuting in 
the conquest of the greatest heights of accumulated knowledge 
and in the exhilarating puri^ of the intellectual air. That 
would not matter a firaction of what it does matter if a child’s 
natural method of learning were continued in kind throughout 
the University years. But that, I think, is very rarely the case. 

I hope it will not weary you if I remind you of the conditions 
under which we work in most Universities. A University pro¬ 
fessor b nece^arily a trainer of specialbts, and b confronted 
by the ever increasingly difficult task of putting, hb pupib 



SCHOOL AND UNIVERSITY SCIENCE fioj 

into the way of using a vast body of knowledge for professional 
purposes. I do not ignore other necessary qualifications of 
a professor or other types of students, but Universities were 
in the beginning, and are now, characterized especially by 
being centres of professional training. It is this fact that 
determines the content and, in great degree, the method of 
their teaching. It leads to a series of convenient formalities 
of procedure of a highly artificial kind. In science it leads at 
once to a segregation of subjects and an unnatural delimitation 
of frontiers, leaving us with a set of separated members of the 
whole corpus of natural knowledge. Within each separated 
science we have next to contrive how, in the time at our dis¬ 
posal, to deal with the vast and ever-increasing accumulation 
of facts and principles. We seem almost compelled to drag our 
subject from its affiliations with history and the rest of human 
knowledge, from its association with the life and things of every 
day ; to make an abstract, or, as we say, a *' pure ” science of 
it. We devise a sort of logic of condensed presentation, make 
categories, fix arbitrary limits of information, and so end with 
a kind of canonical version of physics, chemistry, l^tanjr, or 
whatever the science may be, an orthodoxy whose grip is aided 
by the iron hand of the examiner, and by the written word of 
syllabuses and textbooks. Thus we methodize our teaching 
with little heed of the fact that we are almost inverting the 
natmal way of learning. For we really know well enough that 
in the natural way of learning about natural phenomena, we 
have our topics intertwined with more than one of our formal 
branches of science at once, and not only so, they stand in 
direct linkage with our life and history and with all the rest of 
knowledge. That is, of course, why people were interested in 
them to begin with. 

I hop>e I makejnyself plain, for there is not time to amplify 
illustrations. To take just one, we might choose the conver¬ 
sational scientific topic which crops up first on the encoimt^ 
of any two Englishmen. It is, of course, the variable composi¬ 
tion of the atmosphere. They do not announce it quite in 
that way. It is the water, above all, that is the centre of 
interest—whether there is, or has been lately, or is likely to 
be soon, much or little of it there in the gaseous or liquid form. 
The proportion of oxygen will, of course, vary accordingly; 
of that tiM man in the street knows or cares nothing. But in 
Universities it is the constancy, not the inconstancy, of the 
composition of the air that we insist upon; water vapour 
becomes a mere element of pressure, and the quantity of oxygen, 
according to the spoken and written wra, is as mvariably 
21 per cent, as the Battle of Hastings is 1066. It is true, of 
course, that the substance of water vapour is recognized as 
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being there, but rather as an intrusion and an inconvenient 
extra affecting hygroscopic surfaces and some chemical actions. 
On the hygrometry day,^ if there is one, atmospheric water is 
formally called up for judgment; it receives justice and is 
recommitted to its life sentence of pressure, leaving the oxygen 
in possession of its unearned increment. 

Try for yourselves how many fresh graduates, even those 
who will tell you the tension of aqueous vapour at IS®C., 
carry in their minds any idea of its counting as a volume, or 
can give any statement of the volume in summer or winter air. 
Will they not be astonished to hear that the variability of the 
amount of oxygen in the air attributable to the varying volume 
of water vapour alone so affects the intrinsic luminosity of a 
gas flame that it has, or had, to be allowed for in the photo¬ 
metric valuation? What heed has University science paid 
to atmospheric fog or to the existence of haze in unsaturated 
air ? How many of Aitken’s dust-counters are distributed 
among teachers of science, and how many have shown the 
simple experiments devised more than a generation ago by 
Aitken to show the formation of fogs and their intensification 
under town conditions ? Until ions and radio-activity appeared 
on the scene and Mr. C. T. R. Wilson developed his beautiful 
work, there was little fog, at least of the tand I mean, in 
University courses. 

Still sticking to the air and the things in it that matter much 
to common men, let us ask how many science students have 
made a plate culture of the germs of the air ? It is a simple 
enough affair, yet of immense consequence, that can be taught 
to tyros, but it has been tucked away on some University shelf 
of specialist bacteriology. 

To realize what I mean you may best go to India and see 
what the graduates of science are teaching in a country where 
sanitation and agriculture are the supreme interests of a pre¬ 
carious material existence. I had a class of forty such teachers 
in the Punjab for a fortnight, and among other thin^ deter¬ 
mined that, before they returned to their remote ministries in 
the province, they should learn a little about the transmission 
of malaria. I rejoice in any opportunity of doing a hand!!s 
turn towards letting humanity ]^ow what has been placed 
at its disposal by the magnificent work of one of your late 
Presidents, Sir Ronald Ross. The malaria officer eagerly lent 
his services and took the class out to seek the source of trouble. 
I have a photograph of him somewhere at the edge of a pond, 
showing a mosquito larva to an astonished ^up of M.Sc.'s 
and B.Sc.'s who had beensearchingeagerlyforwinged mosquitoes 
beneath the surface of the water. Yet these men knew and 
conscientiously taught such things as t^ tests for bismuth 



SCHOOL AND UNIVERSITY SCIENCE 6o$ 

and the formula of silicofluoric acid. The science of health 
and of ^ndless actualities among which ordinary men spend 
their daily lives is in fact usually so dissevered, inverted, or 
altogether crowded out under University conditions, that it 
may never be reassembled even in the minds of those who 
are, by conventional standards, quite learned men and have 
leapt the highest academic hurdles. 

I do not propose to discuss here whether what I have de¬ 
scribed as the University way is the best way for Universities. 
I only want to emphasize the fact that it is the usual way. 
The theory of Universities is that people go there anxious to 
learn and ready to endure for learning's sake. It is supposed 
that somehow they will get out of the teacher the best he has 
to give, even if he makes it difficult for anyone to do so. I am 
astonished now to think of what I suffered without complaint 
in my time at the hands of some University professors. 

It is, however, not the University teacher or his functions 
that I wish to discuss. But what I do wish to stress, with 
all the emphasis I can give, is the unnatural form which natural 
knowledge acquires under conventional University conditions, 
because I think that the greatest difficulties of the science 
teacher in school have had and still have therein their real 
source. 

I have said that the theory of a University is that it b a 
place to which students will come determined to learn, if 
necessary at some considerable cost. Turning now to schools, 
I am, of course, not going to say that a school is a place to which 
boys are sent, determined to avoid learning, if necessary at 
some considerable cost. Such days, if ever they existed, we 
have, I am assured, left far behind. No, but it would perhaps 
be fair to say that a school is a place where a boy is prepared 
to learn only on 'certain terms. Here again I dismiss as 
obsolescent, if not extinct, the habitual use of vis a tergo, and 
think of the present-day human boy as I have known him. I 
believe he is ready to learn on the simple terms of being in¬ 
terested, and I believe*that in general his interest can be evoked. 
Of course there is a fraction, by no means negligible, whose 
interest will survive conditions of considerable adversity, and 
there may be some who have as it were no ear for the harmonies 
of science—^but I am thinking, as school teachers must think, 
of the whole and the average. 

It is this condition above all that must compel the teacher 
in schools to an outlook on science fundamentally different 
from that of the University teacher if he is to discharge his 
main duty—his duty to the many and not to the few. ^d it 
is largely because I see the realization of this condition under- 
l3ring your Science for All that it invokes my blessing. 
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It happens, as I have already said, that my life as a Univer¬ 
sity teacher began just about the time when the campaign for 
the introduction of science as a normal part of the school 
curriculum was gaining force, and if I were asked to say briefly 
what advance school science-teaching has made within my own 
recollection, I should*say first, of course, that it had increased 
marvellously in quantity, and, secondly, that science teachers 
had realized that the results of the school teaching of science 
on the University model were so disappointing as to call for 
a thorough-going reconsideration. 

When I first knew science-teaching in schools, it was what 
might be truly and adequately described as University science 
and water. There were laboratories exactly on the University 
model, lectures in lecture rooms, and as many of the University 
appurtenances as the school could afford. Boys were taught 
systematic chemistry at a tender age and entered for examina¬ 
tions on syllabuses prepared solely by University dons. A 
beneficent State intervened through an organization of examin¬ 
ing machinery known briefly as South Kensington, whilst a 
make-believe University, consisting solely of examining ap¬ 
pliances, did a brisk business in dispensing degrees for science 
teachers. I speak generally and not without clear recognition 
that in this desert there were oases, where, as is ever the case, 
one found individual teachers whose springs of original sinless¬ 
ness no system could inhibit. I am not one of those who can 
look Ixick placidly or gratefully on bad beginnings, because 
after all they were beginnings of something eventually to become 
good ; it is a very easy form of charity. I cannot forget what 
I suffered myself, in these early days, as the inheritor of pupils 
who brought with them not only a travesty of professional 
science, but a |;reat reluctance to be put into a better way. 

I can recall one Instance where a student, who had been at more 
than one school, after sampling a first-year University course 
really much beyond his feeble capacity, assured me that he had 
already done chemistry three times. He was like other students 
I have had who, when asked to enter upon rational qualitative 
anal}rsis, said they had already learned to *'take solutions 
through the chart." 

The real woe, however, lies in the thought of so much mis¬ 
directed and futile effort. I should treat all this as of the 
p^t but for two reasons. One is that the difi&culty is still 
with us, inasmuch as a great effort must still be made by the 
man fresh from a University if he is to recover the natural 
outlook of the beginner and break away from the artificialities 
of the University wa3rs, and 1 am obliged to say that I think 
thb is still often not achieved. 

The other reason I put forward to justify the stress I have 
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put upon this particular matter arises from the recent chanpes 
which conduce to specialization in separate sciences during 
the last two years of school life, and, of course, at the old 
Universities entrance scholarship conditions for lads of nineteen 
give sanction to this practice. 1 know that thb has not been 
done without a great deal of consideration, and I claim no 
further right than to say that, so far as my own judgment and 
experience guide me, I am led to look upon it with many 
misgivings. The broad reason will be plain from what I have 
already said. But I know that this view is bound up with 
obstinacy in a belief that an experienced specialist in a great 
main branch of science in a University, if he has really the 
qualities of a philosopher, inevitably develops a strong indivi¬ 
duality of view and treatment, and that, if he has, or thinks 
he has, the zest and gifts of a teacher, he will insist upon ex¬ 
pounding his philosophy to newcomers on the fundamentals 
m their play among the simpler material of his subject. It is 
natural that new students, who after all are very young, should 
resent on their own part and on behalf of their earlier teachers 
what may well seem an invitation to begin again on what they 
have already been taught. I have never blamed such pupils, 
and have often reconsidered my ways, but in the end nave 
always reverted to them. 

Believe me, I should have shrunk from this confession 
were it not for the knowledge that there are other University 
teachers of incomparably greater importance, includinjg; men 
far from the stage of emeritus, who hold the same view as 
tenaciously. It is not pleasant to proclaim the belief, as you 
will well understand. I know the reply; it is given in a 
well-known document. It is that a commoner practice than 
the one I have described is to put the teaching of the younger 
and inexperienced University students in the hands of the 
younger and inexperienced meml^rs of the st^. If it is 
true, it is equally true, in my opinion, that it is wrong. It 
exhibits the existence in Universities of an evil that stiU 
lingers throughout the educational system. And there 1 will 
leave the question and draw my remarks to a conclusion. 

I do not think I have ever watched school science with¬ 
out being imbued with two feelings—one a strong desire to 
try my tend at it, the other a sure conviction that I should 
have wn driven to despair if I ted attempted it under what 
have been average school conditions. To deal with a langut^ 
in a class-room, where the element of handicraft is almost 
entirely absent; where we can without difficulty or disadvan¬ 
tage get into action and can equally cease fire almost at the 
word of command ; where the human boy with his ungainliness 
has but limited scope for physical destruction aiM cannot 
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leave the path of knowledge strewn with the material debris 
of teaching appliances—^that is one task. A few books col¬ 
lected, a black-board dusted, and all is ready for another start. 
The task is not so easy even there as my words might suggest, 
but it is profoimdly different from that of a science master in 
a laboratory. If science is to be taught as it only can be 
taught properly, in association with initiation into a delicate 
handicraft, with allowance for individual skill, individual 
incidents and accidents, individual questionings ; if it is to 
have the allowance of time that will keep it free from the 
element of breathlessness, the necessities of the teacher justify 
an economic demand that I am sure has rarely been recognized 
and still more rarely met. I have said nothing of the pace 
of science and of the transforming discoveries, which make it 
an imperative necessity that the teacher shall keep his ears 
and eyes open to all that is going on in the great workshops 
of new knowledge. And I have said nothing of the peculiar 
difficulties that obstruct the science teacher in maintaining and 
developing his own zest and his participation in scientific 
investigation. I can only say that I am astonished how much 
good work has been done under such conditions. 

In what I have said to-night I have endeavoured to draw 
your attention to one or two considerations which I thought 
might be worth your attention, and I have expressed myself 
quite candidly. Ever since I sat down to write this address, 
I have wished that I had chosen rather to talk to you about 
some particular topic of science to which 1 had given attention. 
I feared, amongst other things, that by contributing to the flow 
of educational rhetoric which sets in at this season of the year, 
I might help to mask the character of your Association, which 
is so eminently bent upon doing things and discussing them 
quietly among yourselves. If in anything I have said I have 
seemed in the least degree lacking in sympathetic appreciation 
of the difficulties with which you have to contend, I can only 
hope you will believe that it arises from a lack of skill in 
words and not from want of heart or understanding. 
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The Stoty ol bmUn and tbe Vobel Prisemm in IMioina for 1028 (ProL J. 

PUntak MoMiitriek, TJniTondty, Toronto). 

The story of the preparation of insulin as a therapeutic agent 
is an interesting one. The results obtained by a long succession 
of investigators, among whom Mering and Minkowski, Laguesse, 
Schulze and Diamare may be especially mentioned, had made 
it tolerably certain that the Islands of Langerhans of the 
pancreas played an important r 61 e in carbohydrate metabolism, 
and this idea had received confirmation from the observations 
of Opie and Ssobolew, published in 1900 and 1901, these reveal¬ 
ing pathological conditions in the islands in cases of diabetes 
mellitus. There followed attempts to control glycosuria by 
feeding pancreas or by the administration of pancreatic extracts, 
but such attempts yielded no definite results, partly because 
of the lack of suitable methods, such as for the determination 
of the sugar content of the blood, and for that of the respiratory 
quotient, whereby an accurate idea of the amount of carbo¬ 
hydrate metabolism might be obtained, and, partly, because 
the exocrine ferments of the pancreas had a destructive action 
upon the secretion of the islands. 

As far back as 1878 Pawlow had observed that ligation of 
the pancreatic duct in the rabbit was followed by a degeneration 
of the acinar tissue of the gland, and in 1889 Mering and Min¬ 
kowski showed that extirpation of the gland was followed by 
a fatal diabetes, while ligation of the duct produced no appreci¬ 
able glycosuria. A clue to the significance of these results was 
offered in 1900 by W. Schulze and Ssobolew, who showed in 
the guinea-pig and rabbit respectively that while the acinar 
tissue of the gland underwent degeneration on ligation of the 
duct, the islands remained unaltered. These results pointed 
to the conclusion that the islands possessed an endocrine 
function, an idea first set forth by Laguesse (1893), and that 
their secretion played an important r 61 e in carbohydrate meta¬ 
bolism. A corollary of the results was that ligation of the 
duct offered a method for obtaining an extract of the island 
tissue uncontaminated by the secretions of the acinar cells 
and in 1906 De Witt made attempts by this means to obtain 
such an extract. Unfortunately she tested her extracts only 

*99 
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in intro, and while the tests as regards sugar were always posi¬ 
tive, they also showed more or less action of the exocrine fer¬ 
ments, probably due to incomplete degeneration of the acinar 
tissue. 

So, in general, the question stood when, in November 1920, 
Dr. Banting, in reading an article in a surgical journal, came 
across an account of the effects produced by ligation of the 
pancreatic duct, and the same idea occurred to him as had 
previously occurred to Mrs. De Witt. Early in 1921 he con¬ 
sulted Professor Macleod as to the feasibility of the idea, and 
in May of that year he resigned his positions in the University 
of Western Ontario and came to Toronto. Professor Macleod 
placed such accommodation as was available at his disposal, 
gave him an outline of the methods it seemed advisable to 
follow, and assigned to him, as Assistant, Mr. C. H. Best, at 
that time Fellow in Physiology at the University of Toronto. 
Throughout the ensuing summer Dr. Banting and Mr. Best 
carried on their experiments with unremitting perseverance 
and enthusiasm, and, as is known to all, their efforts were 
crowned with success. 

At first their endeavours were directed towards obtaining 
an uncontaminated extract of the islands by ligating the pan¬ 
creatic duct, and allowing time for the degeneration of the 
acinar tissue, the action of the extract being tested upon dogs 
made diabetic by total pancreatectomy. Record was kept 
of the amount of blood sugar and of that exacted with tne 
urine, and it was found that the intravenous administration 
of the extract produced a rapid and invariable fall in the 
amount of blood sugar in the diabetic animals. So far so good, 
the.physiological action of the island secretion had been demon¬ 
strated ; but thelmethod of obtaining it was tedious and difficult, 
and the question arose whether there might not be some other 
way of circumventing the destructive action upon it of the 
proteolytic ferments of the pancreas. 

It was known that no active tr3rpsin was to be found in 
extracts of the pancreas of foetal oxen until the fourth month 
of development, and, furthermore, that the development of 
the island tissue preceded the differentiation of the acinar cells 
(Laguesse). Banting and Best proceeded next to make use 
of these facts by preparing extracts of the pancreas taken 
from fetuses less than 40 cm. in length ; these extracts, rested 
as before, were found to produce a marked reduction of the 
blood sug^r. They were first made with Ringer's solution, but 
later acidulated 95 per cent, alcohol was used, Zulzer having 
shown that alcohol extracts of even the adult pancreas were 
potent. This solvent apparently fails to extract the proteo- 
fytic enz3rmes while taking up the secretion of the island tissue, 
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and a way was thus opened.for the ready preparation of an 
island extract from the adult ox pancreas. The extract so 
prepared was thoroughly tested on diabetic animals, and the 
results obtained were so favourable that it was decided that 
the time had come for the administration of the extract to 
diabetic patients. This was done in the case of a boy of fourteen, 
suffering from a severe type of diabetes mellitus, and the result 

E roved highly satisfactory, the percentage of blood sugar 
eing quickly reduced by alraut 2$ per cent. 

Unfortunately the extract was found to produce a certain 
amount of local irritation, and to overcome this difficulty the 
services of Dr. J. B. Collip, of the University of Alberta, who, 
at the time, was carrying on a research in the laboratory of 
Pathological Chemistry of the University of Toronto, were 
enlisted, and by fractional precipitation with alcohol he suc¬ 
ceeded in removing the irritant substances and in obtaining 
a much purer product, for which the name insulin was adopted. 
Thus, early in 1922, the possibility of obtaining a utilisable 
extract of the insular secretion and its high value as a thera¬ 
peutic agent had been demonstrated, and the first chapter of 
the story is completed. 

But much yet remained to be done. It was necessary, in 
the first place, to devise a method of standardising the dosage 
of insulin, since it had been found that an overdose might 
produce serious or even fatal results by too great a reduction 
of the blood sugar. These results were found to supervene in 
rabbits when the percentage of blood sugar fell to o'o4S, and the 
unit dose of insulin was at first fixed at that amount, which 
within four hours will reduce the percentage of blood sugar to 
0*045 in a rabbit weighing about 2 kilograms. It w^ found, 
however, that such a unit was rather large for satisfactory 
use clinically, and a clinical unit was subsequently established 
at one-third the strength of the original physiological unit. 

In the second place, it was necessary to plan for the produc¬ 
tion of insulin on a somewhat extensive scale, so great was the 
demand for it. This was undertaken by the Connaught Anti- 
toxine Laboratories of the University of Toronto, the work 
being placed under the direction of Mr. Best, who nas success¬ 
fully overcome the difficulties that were encountered when 
production on a large scale was attempted. These difficulties 
made manifest the necessity for some means of safeguarding 
the commercial production and standardisation of insulin', and 
to this end those chiefly concerned in the researches that led 
to its production took out patents in Canada, the United States, 
Great Britain and other countries, fully covering the methods 
of prei^ration, these patents being subsequently conveyed to 
the University of Toronto, which assumed the function of grant- 
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ing to approved applicants the right to manufacture insulin, 
and to sell it at a reasonable cost. Licences have been granted 
to a number of manufacturers in the United States, and, to 
safeguard production in Great Britain, the University in turn has 
conveyed the British patents to the Medical Research Council, 
which thus becomes the licensing body for Great Britain. 

The preparation Of insulin opened up a way for the investiga¬ 
tion of many interesting physiological and clinical problems, 
such as the composition and mode of action of insulin, its effects 
on the respiratory quotient, its effect on the excretion of acetone 
bodies, on fat metabolism, etc., and to the investigation of 
these questions Professor Macleod devoted his energies, with 
the assistance on the ph3rsiological side of Mr. E. C. Noble, 
Dr. J. Hepburn, Dr. J. K. Latchford, and Dr. G. S. Eadie, 
and on the clinical side of Dr. W. R. Campbell and Dr. A. A. 
Fletcher. A discussion of the results of these investigations 
lies outside the scope of this article, and they are mentioned 
merely to emphasise the team work that has been involved in 
these insulin researches. They constitute a brilliant example 
of the value of competently directed co-operative work in 
the solution of scientific problems. 

Professor John James Rickard Macleod is a son of the manse, 
and was bom at Cluny, Dunkeld, Scotland, September 6, 1876. 
He was educated at the Grammar School, Aberdeen, and entered 
Marischal College of the University of Aberdeen in 1893, gradu¬ 
ating therefrom in 1898 with the degree of M.B. and Ch.B., 
and with an appointment to the Anderson Travelling Fellow¬ 
ship. This Fellowship enabled him to spend the year after 
graduation in work under Professor Siegfried in the Physio¬ 
logical Institute at Leipzig. 

On his return to England he entered upon a teaching career, 
being apjrointed Demonstrator of Physiology in the London 
Hospital Medical School, a position he held until 190$, holding 
also during the last two years of this period the Mackinnon 
Research Scholarship of the Royal Society. In 1902 he success¬ 
fully fulfilled the requirements for the degree of D.P.H, of 
the University of Cambridge. 

His first published paper was the result of his work at 
Leipzig, and was on the phosphorus content of muscle. This 
paper was published in 1899, and from that time onward his 
research activities have found expression in a long series of 
papers, all of a high standard of excellence. During his tenure 
of the Mackinnon Scholarship he was engaged, together with 
Professor Leonard Hill, in an experimental study of Caisson 
Disease and Diver’s Palsy, the results of which were set forth 
in the Journal of Hygiene in 1904. 

In the autumn of 1903 he accepted and entered upon the 
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duties of the Professorship of Physiolo^ in the Western Reserve 
University, Geveland, Ohio, where he remained until 1908, 
accepting in that year a call to the University of Toronto, with 
which institution he is still connected as Professor of Physiolc^y 
and Vice-I^an of the Faculty of Medicine. Shortly after 
assuming his duties at the Western Reserve University, he took 
up the studies of carbohydrate metabolism and glycosuria, his 
first paper on the subject having been published in 1905, and 
followed in succeeding years by numerous contributions, which 
led up to the publication in 1913 of a monograph on Diabetes: 
Its Pathological Physiology. On assuming his duties at the 
University of Toronto he turned to the investigation of problems 
connected with the physiology of respiration, and published 
during the succeeding years a number of papers dealing with 
these questions. The year 1918 also saw the publication of 
his timely and hiehly appreciated treatise on Physiology and 
Biochemistry in Modem Medicine. Recognition of his stand¬ 
ing as a physiologist was shown in his election in 1919 to a 
Fellowship in the Royal Society of Canada, and to the presidency 
of the American Physiological Society in 1920. 

On the coming of Dr. Banting to Toronto with his problem 
Professor Macleod, realising that the possibilities of success had 
greatly increi^ed with the recent elaboration of methods for 
determining accurately the sugar content of the blood, willingly 
placed at Dr. Banting’s disposal the facilities of his laboratory, 
and discussed with him the methods to be employed. Engage¬ 
ments previously made rendered necessary Professor Macleod's 
absence from Toronto during the summer, and on his return 
he found that Dr. Banting and Mr. Best were far along the high¬ 
road to success, and he at once devoted his abilities for organisa¬ 
tion to bring about the biochemical and clinical co-operation 
necessary for complete success, at the same time turning all 
the members of his staff that could be spared for the purpose 
to the investigation of problems correlated with the main 
question. It was largely owing to his directing and executive 
ability that the commercial preparation of insulin was made 
possible and safeguarded. 

The important part taken by Professor Macleod in the pre^ 
pcration of insulin received recognition in 1923 by his election 
to a Fellowship of the Ro^l Society, by his selection as Cameron 
Rrizeman of the Universi^ of Edinburgh, by his being granted 
the honorary degree of D.Sc. by the University of Pronto, 
and by the award to him and Dr. Banting conjointly of the Nobel 
Rdze for Medicine. Profitlsor Idadeod generously turned 
over to Dr. J. B. CoUip one-half of his sham of this prize, as 
a recognition of the important aid rendered by Dr. ColUp in 
the puri^tioQ of issuhn for use as a therapeutic agent. 

40 
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Dr. Frederick Grant Banting, the sharer in the Nobel 
Prize for Medicine for 1923, was bom at Alliston, Ontario, 
November 14, 1891, his parents being of that yeoman stock 
that has made the western peninsula of the Province of Ontario 
one of the finest a^cultural districts of the Dominion. Dr. 
Banting received his early education in the Alliston Public 
School, passing thence to the High School, and in 1910 he 
matriculated in the Faculty of Arts of the University of Toronto. 
He remained in the Faculty of Arts only one ^ar, transferring 
in the autunm of 1912 to the Faculty of Medicine, from which 
he received the degree of M.B. in 1916. 

In the meantime the Great War had broken out, and in 
Bfarch 1915 Banting joined the army, in which he remained 
for four and a haU years, serving in Canada, England and 
France. He was wounded at Cambrai, and, as a recognition 
of his valuable services, was awarded the Military Cross. 
During his service in England he took advantage of the oppor* 
tunities offered for continuing bis medical studies, and in 1918 
successfully underwent the examinations for the L.R.C.P. and 
M.R.C.S. 

After demobilisation he returned to Canada, and was for 
a time Resident Surgeon in the Hospital for Sick Children, 
Toronto, serving at the same time as Demonstrator in Anatomy 
in the University of Toronto. In 1920 he removed to London, 
Ontario, with the intention of engaging in sulcal practice, 
and while there employed his leisure time by acting as Assistant 
in Physiology and Demonstrator of Anatomy in the Medical 
Department of the University of Western Ontario. It was 
while holding these positions that he came to the decision to 
devote himself to the study of the functional activities of the 
Islands of Langerfaans, and early in 1921 he returned to Toronto 
and, with Mr. C. H. Best as an assistant, he began studies in 
the Physiological Laboratory of the University with results 
that are now known to all. 

In thus acting, Dr. Banting sacrificed for an idea, temporarily 
at least, his pros^cts of success as a surgical practitioner, andf, 
being without private means, he was obUged to eke out a live¬ 
lihood while devoting himself to his chosen investigation. 
Some opportunity he found for this in a Lectureship in Pharma¬ 
cology, which he held during, the session 1921-22, and in the 
following year in a Demonstratorship in .M^cine, both in tl» 
University of Toronto. With the successful outcome of his 
studies these necessities passed, for the University of Toronm 
api^inted him to a Professorship of Medical il^earch, fiir 
which the Provincial Government set aside an annual sum of 
$10,000, half of which was to form the stipend of the Pcofeumv 
ship, while the other half was to be divided eijually betvmeo 
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an assistant, a position now held by Mr. C. H. B^t, and( the 
maintenance of a research laboratory. Further, the Dominion 
Government, in recognition of Dr. Banting’s services to medicine, 
voted him a life annuity of $7,000. Such public reco^tk>n 
Of scientific achievement constitutes a hopeful indication of 
interest in scientific research. 

Several other honours have been conferred on Dr. Banting 
during the past year. The University of Toronto granted him 
the degree of M.D. in 1922, and that of D.Sc. in 1923. Queen% 
University in the latter year conferred upon him the degree of 
LL.D., he was elected to Fellowship in the American College 
of Physicians, and was the recipient of the Charles Micw 
Fellowship, an honour annually awarded “ to that member 
of the medical profession, who is considered by the Council 
of the Faculty of Medicine of the University of Toronto to 
have done most during the preceding ten years to advance 
sound knowledge of a practical kind in medical art or 
science.” Dr. Banting is the third holder of this Fellowship, 
his predecessors having been Professor Pawlow and Dr. Harvey 
Cusmng. Conjointly with Professor Macleod he was awarded 
the Nobel Prize for Medicine for 1923^ and has generously 
assigned one half of his share of that prize to Mr. C H. 
whose able assistance contributed much to the successful out¬ 
come of the search for insulin. 

Anopheles phenOiens ^B.) 

Tbe South-eastern Union of Sdentifio Societies has issued a reprint 
from its Transa^ions giving an account of the work of its Mosquito Investl- 

K lion Committee on Anopheles phmAeus, with a Preface by the (PhmirmM 
. Clarence Tierney. It is stated that work upon English mosquitoes 
was started fay the union in 1917 in consequence of the acoon \n the (now) 
Mhilstrir of Health, which suggested tfaat the return of cases of xnalana to 
Britain mig^ prove dangerous to the home population, and udiich aak^ 
the Union to study the (fistributimi of British Anophelines. I tidnk. how¬ 
ever, that this idea was really started by the War Office Itself; and in feet 
Alfred Keogh, G.C.B., then Director of the Medical Services, appointed 
me Consultant hi Malaria at the War Office very early in X917 enpready 
in view of this iioasibUlty. However this may be, toe Union has dofo. 
sterling good work. The pamphlet referred to considers cbieto A. p lm e Mt, 
Which has been proved by the Uverpool School of Tropical Mediclae to W 
a malaria carrier and which breeds rimost exclusively tn rot-holea in tzeea. 
Mis not likely to be dangerous now, but may have been so when the Brithdl 
were a Jungh^ving race. Let ns hope that the politiriaiia will not tadaoa 
ns to the' same condition again, 


figBulion fli Ittma aai lUMdgi 

The Standing Committee of Rivets PallBtion and Fisherisa of ths Mfaiistiy 
of Afcieulttita have issued a vwy interestiag " non-todalcal s^oit ” of 
tiisir work {SMkttmy Office, 19341 3^ act). Ihe matter is of gnat Ixn- 
poctaaiae to uhanasn, whose ^ort la apt to be uacb affected hy poiwppt 
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effluents into our rivers. This is a serious matter, lor, as the report mm i 
It has olten been stated that the inland fisheries* interests are confined to 
a comparatively few well-todo persons, who as often as not have a direct 
financul interest in the oonditibn of their fishing waters. In the Cora* 
mittee's opinion this is an altogether erroneous idea, since certain membera 
of the Committee alone represent Angling Associations with a tnembership 
of well over a hundred ttousand, cmefly working men, and in all there 
must be at least half a million anglers in the country. The appeals of this 
number of people for the preservation of the means of their recreation and 
of those people who, while not being anglers, gain recreation, pleasure, and 
amusement fropx the rivers, by swimming, boating, and other means, should 
not be lightly ignored.*’ 

The causes of injurious pollution are classified as follows: 

(z) That caused by the introduction into the water of substances 
(s.g. sewage) which deprive the vrater of its dissolved oxygen which fish 
require for the purpose of breathing. If the withdrawal of oj^gen goes on 
to any great extent, fish are sufiocated unless they can avoid such areas 
of poUutkm. 

** (2) That caused by the presence in the water of substances whichirri* 
tate 1^ poison the fish. Waste products from certain industrial processes 
come under this heading, and the number of possible poisons is very large. 

** (3) That caused mechanically by silting up the river-bed and over¬ 
laying weeds and fish spawn, thus preventing reproduction ; or, by injuring 
tlM eyes and gill memb^es of fish, thus set^g up inflammatory conditions 
leading to cataract or blindness on the one hand, or ' gill fever,* which often 
results in the death of the fish." 

We fear that progress in preventing such pollution is not very fast. 


A Plea lor the EstabUshmsint ot a BkHreo-oheiDioal InsUtaie ( 7 . Yidinstontt 

D.Se.). 

The Report of the Port Erin Biological Station for 1023 (Liverpool Uni¬ 
versity Press) cohtains a short article by M. W. J. Vemadsl^, pleading for 
the institution of a laboratory which will be a link between Biology and 
Geo-Chemistry. M. Vernadsky’s full appeal is made in tha Rsvus Ginirah 
d$s Sciences of January 30, 1923, and January 15 and 30, 1924. The 
extraordinary influence of life in the moulding of the superficial part of the 
earth’s crust is emphasised* and our equally extraordinary ignorance of the 
quantitative chemical composition of living matter is also stressed. We learn* 
irithsome surprise, that there is hardly a single modem complete, quantita¬ 
tive analysis of the whole body of an animal or plant, marine or terrestrial* 
Far less do we know the mass of living matter in general, to say nothing of 
the masses of the various categories of organisms inhabiting even restricted 
regions of land or sea. Problems of extraordinary general interest call for tbe 
knowledge of such data, while special problems m geo-chemistr3r, such as the 
destmctum or alteration of rocks and minerals by living organisms, cannot 
be touched without very much more data than we have at present, U. 
Vernadsky points out that the little data we do possess has b^n obtained 
by biological and agricultural institutes with quite different objects. He 
presses for the creation of an institute which will deal with the organisatfcin 
of the land of researdh which he outlines in his large memoir. 


mSSmKMHI oClMUIe 

We are very glad to hear that our exoeUeat eontMapocary 
is ta k i n g on a new leaae of Ufa from the beginning o< this yeaz-^tlM« WM 
•qiM dnager of the oeaaatioB of it. It is orach more Jatenstis^ than ttMk 
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df Otar atagarinos, with eternal politics. Qneof the most curious pbenf^ 
nma to be observed in this country is the almost oniveisal indhBfereime to 
science, although science has given ^ people many more benefits thmi they 
have ever received from their politics and their frequently spurious {fidloeoi^. 
Sir Arthur Shipley, G.B.E., has some ve:^ pertinent remarks on this su^fect 
in the January number, ** A typical exampleof this occurred/* he says, ** but 
a few months ago. Westminster Hall, with its restored roof, was reopened 
by the King, many speeches were made and many articles were wntten 
dwelling on the history of that noblest of Halls, and on the many dramatic 
episodes that had taken place in that stupendous building, yet, so far as* 1 
Imow, not a single speaker and not a single writer refenm to the gifted 
entomologist who had made the restoration of the roof and the preservatioii 
of its old timbesB possible. Historians are notoriously bereft a s^m of 
proportion, and whilst in many articles they dwelt upon the great scenes 
that had been enacted in the h^, not one of them ever remarked on what 
was perhaps the most dramatic and most important scene of all, the finding 
by a distinguished Professor of Entomology of the London School of Sdence 
of the larvae of the beetles that had for dec^es been eating up the woodwork 
in the roof, and his still more remarkable application of a dbiemical compound 
which proved fatal to the beetle and all its works and made the beauoas whole.** 


Vbe British Amodotion 

Thb next meeting of the British Association is advertised to take place at 
Toronto from the 6th to the 13th of August of this year. Forms for atten* 
dance should be applied for to the Bntish Association Office, Burlington 
House, W.i. The following are Presidents of the Sections: 

A. Mathematics and Physics. Sir William Bragg, K.B.E., F.R.S, 

B. Chemistry. Sir Robert Robertson, K.B.E., F.R.S. 

C. Geology. Prof. W. W. Watts, F.R.S. 

D. Zoology* Prof. G. Elliot Smith, F.R.S. 

E. Geography. Prof. J. W. Gregory, F.R.S. 

F. Economic Science and Statistics. Sir William Ashley* 

G. Engineering. Prof. G, W. O. Howe. 

H. Anthropology. Dr. F. C. Shrubsall. 

I. Physiology. Dr. H. H. Dale, C.B.E., F.R.S. 

J. Psychology. Prof. W. McDougall, F.R.S. 

K. Botany. Prof. V. H. Blackman, F.R.S. 

L. Educatioi^ Science. Principal Ernest Barker. 

M* Agricultum. Sir John Russell, F.R.S. 

Sir David Bruce, K.C.B., F.R.S., is to be President. 

lotii mfi ■em 

The Honours list published on the occasion of the New Yemr showed 
but little recognition of the work of scientific men. Knighthoods were 
conferred on lu*. H. T. Mottram, H.M., Chief Inspector of Mune% Board ^ 
Trade, and on Mr. H. Murray, Assistant Forestry Coznmissioner ^ England 
ondWales, while Prerfesaor W. R. Dunstan, untillately Director of the Inuperild 
Institute, was made K.C.M.G. There were also a number of awards to 
medical men. 

The Council of the Royal ScM^iety has decided to recommend ler electioii 
to the Society ^e following candidates; 1^. T. N. Annandale, Dfaeotor of 
the Zoological Survey of India; hfr. J. £. Barnard, Past Prsaident of the 
Royal Mtopsoopical Society; Dr. J. F. GemmiU, Professor of Natural 
BMory, University College, Dundee : Dr. M. H. Gordon, Bacteriologist to 
St. Bartholomew's Hcnpital; Dr. F. Qroom^ Professor of the Tedhnology of 
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Wooda ud SIbcw, Ifflpedal Colle||e at Sdeaee; Ur. C K. InfoM, Lectafet 
la Organic Chemistry, imperial College of Sdenee ; Mr. P. P. KendaU, lade 
Pcofessor of Geology, Leeon; Dr. L.V. King, Macdonald Profesaor of Fbyaioa, 
IfoGiU University, Montreal ; Mr. L. J. Mordell, Reader in Pore Mathematjca, 
University of Manchester; Dr. T. ^ter Price, Director Fhotogra^c Re« 
search Association; lifr. C. V. Raman, Palit Professor of Physios, (^ntta; 
Mr. L. T. Rogers, formerly Professor of Mathematics, University of Leeds ; 
Dr. A. Rusa^ Principal, Faraday House Electrical Engineering Sodety; 
Dr. C. ^earman, Gcote Professor of Psychology, University College, London : 
Ur. F. ihryman. Managing Director, Mesers. Adam Hilger ft Co., London. 

The Hmrol Sodetv has now made the appointments to the three research 
ptofessorslupB which it has been able to establish os a result of the generosity 
of Sir Alfred Yarrow. The Society has been able to set a very high standard 
lor the appointments, since the holders are Prof. A. Fowler, Major G. I. Taylor, 
and Prta. O. W. Richardson. 

The gold medal of the Royal Astronomical Society for 1934 has been 
awarded to Prof. A. S. Eddington for his work on star-streaming, on the 
internal constitution of stars, and on the generalised theoi^ of relativity. 

The Symons gold medal of the Royal Sfeteorological Society has been 
awarded to Dr. Tokemstsu Okada, Director of the Central Meteorologioal 
Observatory, Tokyo, Japan. 

Mr. J. Barcroft has been elected Fullerian professor of physiology at the 
Rojrol Institution in succession to Sir Arthur Keith. M. le Due de Broglie, 
Or. C. L. Guillaume, and Profs. Debye, Einstein, Groth and von Lane Mve 
been elected honorary members of the Institution. 

The Wollaston medal of the Geological Society has been awarded to 
Dr. A. Smith Woodward, the Murchison medal to Dr. W. Gibson, and tto 
LysU medal to Ifr. W. W. King. 

Among the names of the men of sdenee udu> died during the last quarter 
were those of Canon T. G. Bonnw, geologist; Dr. F. Clowes, chemist; Dr. 
A. Gleichen, opttdah; Lieat.- 0 }L H. H. Godwin-Austin; Prof. H. J. 
Homburgsr of Groningen, physiologist; Prof. J. Harkness of McGill Uni¬ 
versity, mathematician ; Dr. O. Klots, Director of the Dominion Obeervotory, 
Ottawa; Dr. J. Loeb, physiologist; Brigadier-General O. E. Psreira, 
geograi^er; C. P. Steinmets, electrical engineer; Sir Frederick Treves; 
Sir John Tweedy, ophthalmic surgeon; Canon T. Wood, naturalist. 

As a result of a reorganisation of the research department of the Air 
Ministry, it is understood that Lieut.-Col.- Tiszard has been amointed 
Director of scientific research and Air-Commodore F. C. Halahan,DiTBctar 
of technical development. Previously there had been a single director of 
research who was responsible both for the scientific work carried out at 
Teddington, Famborough, the Imperial College of Science, and other plaoes, 
and also for the application of the results of such research and of tibie data 
obtained by practical flying experience to the technical development of ah- 
craft, asKHengines, andwccessones. 

The French Physical Society celelnated its fiftieth anniversary last 
December by on exhiUtkm in the Gflmd Palais, Paris, and by a series of 
anniversary lectures delivered daring the week December 8-14. The in^or- 
tones of the occorion and of the Sode^ were fully recognised by the Govern¬ 
ment. On December 13 I^eaident MiUerand took the choir at the meetlim 
held in the Sorbonne aim received from Prot, Lorents the addresses wfaicfc 
bod been broujAt by delegates from all over the world. The fiftieth anni¬ 
versary of the Physical Society of London which occurs in March this year wiE 
obo be celebrated in a fitting manner. In particular there will be a banquet, 
at sMch the Duke of York baa promised to preside. 

The third attempt to reach the summit of Mount Everest wiU be mode 
towards the end of May next. The expe^tion will again be in charge di 
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BvigikUmr^^GcnimlC, G« Bmce, with Major E, F« Norton as aeooiid 1a coBUiia]^ 
The dimhin g party will oondat of Norton* Cs^ptain Bnice* and tCesm. 
Mallory* Somtnervall* CkiaU* Beetham* Irvine* and Hasard* the font last, 
inentkmed being new membexs of the party. The route from Barjediag 
will be that followed in 1922, and the base camp is to be established in the 
Rongbok Valley. Oxygen apparatus modified in the light of the experienee 
obtained in 1922 will be carried. In his articles in the Tiims Brigadier* 
General Bruce states that the expedition has now the personnel* equipment* 
and knowledge neoessary to ensure success* and needs only a late monsoon 
to achieve it. 

A conunittee convened by the Ro3ral Society has made preparations for 
the celebration of the centenary of the birth of Lord Kelvin* which occurs on 
June 26. In view of the fact that a World Conference on Electric Bower will 
be held at the British Empire Exhibition during the first fortnight in July* 
it has been decided to hold the actual celebrations on July 10 and ii. Thm 
will be an exhibition of Kelvin apparatus* a dinner, and a meeting at which 
^dresses will be presented and a memorial oration delivered by Sir J. J. 
Thomson* 

The Imperial Economic Conference last year considered a report from n 
committee appointed by the Secretary of State for the Colonies* to consider 
the afEairs of the Imperial Institute* which was, it appears* in financial diffi- 
^ties. As a result of the proceedings it has been decided to close the Public 
Galleries of the Institute and to lease them for use as a War Museum for a 
rental of ;£8*ooo* which will be added to the revenues of the Institute. This 
will continue its existence at South Kensington as a clearing-house of infor¬ 
mation equipped with laboratories for the preliminary analyus and investiga¬ 
tion of raw materials. For this purpose it will be amalgamated with the 
Imperial Mineral Resources Bureau and will be tmder the control of the 
^partment for Overseas Trade. In view of these changes Prof. W. R* 
Dunstan has resigned his post as Director of the Institute and, pending the 
reorganisation* Mr. H. M. Liddordale has been appointed Acting Director. 

A small portion of the science collection which was remo^ last year 
from the Western Galleries of the Science Museum at South Kensingtcm |a 
now on view in the new Science Museum, This building is* however, still 
in a very incomplete state* and it would seem probable that another year at 
least must elapse before the whole collection is again available for public 

ft will be remembered that aniexperimental explosion was caused at Olden- 
teoek in Holland in October 1922 in order that further information might 
CM obtaiiied concerning the propagation of intense sounds and, more esped- 
my, for the investigation of the silent zone which separates the two areas 
within which such sounds may be heard. This experiment was not satis- 
taotory in that lew observations could be taken on the western side of 
the m^losion on account of the proximi^ of the sea. The experiment ia 
therefore to be repeated at a station in Central France on three diSarent 
days in May. The results should be of particular interest* because there is 
•ome doubt as to whether a silent zone is formed at all in !^ope during the 
Bumnier months. 

The Americans have been very slow to take up vaednatiem jxit}jpei:|r and 
we are therefore glad to read the following remarks made by Dr. VlcmHeiw 
ef New York* made before the American Medical Assodatim Mating in June 
Bgeg (/eer. Amsr, M$d^ AssocMhn, vol Ixxxi* Septembw 39* 1933) : 

** One hundred and twentynieven years ago Tenner made knowfodge avail¬ 
able udiich* if efifoetively ap^ed* would have brought smallpox Under com* 
j^te control. But its adopt^ was not univmal* and mnlions have died 
from itnali^x dnoe than. TOe anti-vacdnmtionistB of the past Imve largely 
uontrilnitoa to such a result* but that is behind us and cannot be rememed. 
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The fiittire, however, ie etili before tte. Shell a few f«aa(iee» wtth tMr 
improved allegetions, be allowed to 8pma<i^diifigQiati^ bliadaeee^aad ^hNKth 
to Ixmooent victims of their folly ? ^boold we euftor a pofson to bttni down 
his house because he believes it aon-i&Sammable, if his action menaces the 
houses of others ? Certainly not. Yet we remain complacent when persons 
promote conditions that destroy lives and happiness. 

^ Those who are indifferent and who fail to have their children vacdnated 
are also contributors to the continuance of smallpox—that disgrace of civilisa* 
tion. The catastrophe that recently occurred in the Philippine Islands, when 
more than 50,000 persons lost their lives from smallpox, should be a warning 
to the people of the United States. The conflagration in the Philippines 
was made possible by a huge group of unvaccmated children, and the heat 
of it was intense enough to aflect those who were semi-fireproofed because 
their vaccination was of too long standing.” v 

The World's Health tor January (published by the League of Red Cross 
Societies) contains an interesting article by Dr. M. D. Mackenzie on malaria 
in Russia. It appears that the disease has been spreading since xpaa in a 
very virulent form within a vast area bounded by Moscow and Nijni-^Novmod 
in the north, by the western frontier of Russia in the west, by the Blacx Sea 
and the Caucasus in the south, by the Urals and Turkestan in the east. The 
disease continues almost through the winter into the next spring; the author 
attributes this to the fact that the Anopheles mosquitoes which carry the 
infection are allowed to breed in tubs of drinking water constantly kept in 
the heated houses of the peasantry. Generally, of course, these mosquitoes 
breed in pools in the open air and therefore cease to be much propagated 
as soon as the chills of autumn commence, thus limiting new infections to 
summer and early autumn. Quinine obtainable by the peasants seems to 
be much adulterated, but the British Red Cross is issuing large amounts of 
it in solution, distributed by a ** network of malaria outposts which are 
gradually being established in the Buzuluk district, an area of about the size 
of Wales—but this area is negligible when compared with infected areas of 
Russia as a whole.” The people seem to be too ignorant or stupid to deal 
with their own water-tubs—^which could easily be freed from larvae by a few 
drops of oil on the surface. We suppose that the peasantry, although they 
have been ” liberated ” by the Bolsheviks, have not reached sudh a stage 
of civilisation as to perform this little operation once a week. This fart 
gives a picture of the difference which exists in this world between real 
and imaginary advance—between science and sham politics. The adult 
mosquitoes could also be easily destroyed by fumigation of the intexiors 
of the houses or huts. The Red Cross is to be complimented upon this piece 
of work. 

The Fourteenth Axmual Exhibition of the Physical and Optical Societies 
was held at the Imperial College of Science on January 2 and 3. The number 
of exhibits was rather larger than usual and the attendance qiflte satisfactory. 
One thing, however, had not improved, namely, the efficiency of the demon* 
strators. It would seem fairly obvious that an exhibit at an exhibition of 
this kind is useless unless someone is present who is both eompetent and wiOing 
to explain the special points of the apjparatus in his care and who also has 
at least some approximate idea concor^g its price. In actual fact, however, 
many of the exhibits fell into one of the three classes: (x) those at whidl 
no demonstrator at all could be detected; (2) those in which he was too 
busy with his friends to bother about the unknown visitor : (3) those in 
which a technical expert was present who knew nothing about the business 
side of the work of his firm. These remarks axe by no meana limited to the 
exhibits of the smaller or less well known concerns; they apply tp aoxoe of 
the best-known firms represented at the Exhibition. The customary lector^ 
were given by Mr. H, B. Grylls, who described the Heape and Oryns 
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<tobf«a Mftohiae, and Sir Richard Pagat, who dealt with the artificial pt^ 
doctikm of voilrei aotmda, a subject on which we hope to have an artida in 
tto July number of Scibkcb Progrbss. 

the Crylls and Heape Cinema machine is designed to take photographs 
at rates varying from 500 to 5,000 p^ second. In principle it is the reverse 
of the focal plane camera, for the slit is fixed, while lens and film move rapidly 
past it. The film is held by air pressure against the rim of a large fiywheel; 
the lens, or rather lenses, are fixed near the periphery of a disc geared to the 
fiywheel. The exposure for each picture may be as small as a sixty*five 
thousandth part of a second, the necessary illumination being obtained by 
the use of searchlights or by burning large quantities of fiash powder (5o-*7o 
lb. during a single experiment which lasts only a small fraction of a second). 
The apparatus is being used by the Admiralty for the investigation of the 
impact of projectiles on armour plate. 

The fifth and last Report of the B.A. Committee on Colloid Chemistry 
and its General and Industrial Applications has recently been issued (H.M. 
Stationery Office, Imperial House, Kingsway. Price 2s. 6<f. net.) It con¬ 
tains six papers and an index to the whole set of five reports. In the first 
paper Dr. A. Ferguson discusses the methods available for measuring the 
sntiace tension between a liquid and its vapour, interfacial surface texisions, 
and the angle of contact. In particular he discusses the conditions under 
which the ^op-weight method may be expected to give reliable results. 
Ho also gives a useful bibliography to the recent literature dealing with 
surface tension. A short paper by Mr. C. A. Mitchell contains some inter¬ 
esting details relating to the manufacture of inks, while Mr. E. Wheeler deals 
with the manufacture and properties of artificial silk. The amount of scat¬ 
tered information which has been collated for these reports is so immense 
that it is hopeless to attempt to abstract them. It is only possible to congratu¬ 
late the G>mmittee on a worthy ending to a monumental task. 

We have received three pamphlets issued by the Department of Scientific 
and Industrial Research dealing with the work of the Food Investigation 
Board: a General Report of the Board for 1922 (price is. 6d.); Special 
Ri^rt No. 14, on The Thermal Properties of Ethyl Chloride, by C. F. Jenkin, 
M.In8t.C.£., and D. N. Shorthose, M.A. (price is. 6rf.), and Special 
Report No. i6, on Canned Fruit, by William D, Savage, M.D., and R. F. 
Hunwicke, B.Sc. (is. 3d. net. All from H.M. Stationery Office as above). 
The General Report contains some interesting results relating to the pre¬ 
servation of eggs by cold storage. It is found that as long as the eggs 
are frozen and the temperature is not reduced beyond — 5® C. they will, 
when thawed, revert to their original state, but if the temperature ffills 
below this point a rapid, irreversible change occurs. These experiments 
completely upset the accepted theory of the freezing of tissues and show 
the need for much more experimental work. Prof. C. F. Jenkins's report 
contains on account of the experimental methods used to determine the 
thermal constants of ethyl chloride. The results are summarised in the 
temperature-entropy and the total heat-entropy charts which accompany 
the report. The work was undertaken in order that this substance mig^t 
be used in refrigerating machines. The writers do not appear to express 
any defin^ opinion as to its suitability lor the purpose suggested ; the diffi¬ 
culties they ud to overcome would, however^ seem to indicate that it ia not 
IUm^ to he used on a commercial scale. 

The Mineral Resources Committee of the Imperial Institute has added 
to its list of monographs on mineral resources a volume on CdtmU Ores by 
Edward Halse, A.R.S.M,, and another. Vanadium Ores, by members of the 
Stall of the Institute (John Murray, price 3s. 6d. and 55. net respectively). 
These reports are oom^lad on the compi^ensive lines by the 

Mtihir vmtoxhca ^ on Cobalt contains a reference to the rmarkaMe 
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magnetic alloys wliich have been produced by the use ol the elemeat and 
which have made it possible to reduce the wei^t of igaitioii magnetos to 
one-third or less of its pmvious value. (The actual data given on p* 14 would 
seem, however, to require revision or, at least, further explanatioii.) It is 
also stated that a cobalt-chromium alloy (cochrome) may be drawn into 
wires which are in some respects superior to nichrome when used for ekfctric 
heating elements. 

A full summary of the proceedings of the second Empire F or es try Con^ 
ference, which was held in Canada from July 25 to Septomber 7, is to bo 
found in the December issue of the Empire Forestry Journal (published bv 
the Empire Forestry Association, Imperial Institute, London, ^ce 4$. net), 
which will henceforth be the medium for the publication of otSi(^ and 
technical information collected by the Standing Committee on Empire 
Forestry, Considerable concern is expressed rega:^ing the rapid exhausticMPi 
of the pulpwood forests in Canada, which threatens grave peril to the pulp 
and paper industry in that country within the next ten or fifteen years. The 
annual value of the products of this industry exceeds ;if3o,ooo,ooo« It it 
one of Canada's principal industries and the need for the conservation and 
development of the forest resources is most urgent. One most important 
aspect of this question is the prevention of forest fires. Some 90 per cent, 
of these are due to human agencies. During the last five years about 29,000 
such fires were reported, resulting in a loss of property to the value of 72 
million dollars. The chief source of these fires is the debris or slash left by 
settlers in their clearing operations or by loggers, and the proper disposal 
of the slash is one of the most urgent and difficult problems confronting the 
Forest Department. It is hoped that aircraft may play an important part 
In the early location of fires, and the Canadian Government has purchauMsd 
a number of hydroplanes specially desired for the purpose. 

The Physical Society of London has issued a second edyition of the Repori 
on Radiation and the Quantum Theory, written by J. H. Jeans (London: 
The Fleetway Press. Price 75. 6d. net.). The author states that ** such 
omissions as have been made have been prompted by the feeling that the 
Quantum Theory need no longer be considered on the defensive ; the additions, 
which are much more numerous than the omissions, represent merely the 
filling in of the old framework which has been necessitated by the rapid growth 
of the theory." A casual glance at the references, bearing in mind that the 
first edition of the Report was published in 19x4, shows that the additions 
are very numerous ind^. Bohrs theory dates only from 1913, so that almost 
the whole of the admirable summary of the applications of that theory to 
the spectra of the elements (chapter iv) is new. The greatest interest will, 
however, be excited by the last section, which contains suggestions towards 
a ph]7Biciti basis for the theory. The components of the ele^c forcS wfafeh 
appear in Maxwell’s equations are identified with soms function of the 
probabilities of jumps in the velocity of an electron which forms part of am 
atomic system. It is shown that this hypothesis would include dasitfral 
theory as a special case appropriate to radiation of great wave-l^gth. On 
the other hand, it would no longer permit us to think of energy as " being 
localised in free space, and instead of thinking of a spherical wave as earring 
with it a store of energy in each element of its wave-front, to be yielded up 
to whatever matter it encounters we (must) rather think of it as carrying 
with it a potentiality of yielding up energy to such matter as it enoonuMi 
in a suitable state to receive this energy. The amount of mtxgy it may yield 
up remains always equal to hv, but the chance of its yieUing up thla 
amount falls oft as i/r*." The conservation of ener^ reznains, but only as a 
statistical law not necessarily true in eve|y individual case, but wifli tihie 
same probability of truth as the second law of thermodyna^ds* .The last 
paragraph in the Report is by no means the least interesting. The aitflmr 
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wtfim adt ** The suppoeed discontinuity may itsdf prove to be unreal: the 
*|iimpe* may ulttmamly be found to consist of a succession of continuoiis 
steps. If there is a real difficulty in imagining discontinuity to be the ulttmate 
rule 6f nature, we can escape this difficmty by imagining a sort of sub-univetse 
such that the apparently discontinuous processes of the quantum*theorv 
result from a ra|^d succession of continuous changes in this sub-universe.^' 
Physicists of the older school will not fail to appreciate the importance of 
such remarks. 

Iieut.-Col. John and Lady Helen Murray ^ave an At Home on February 
29, at which Bits* Wetherell read an interesting account of the promss (rf 
the David Livingstone Film Expedition now following the course of Living-^ 
stone's journeys in Africa, with a view to making a great instructional film 
regarding them. The expedition started towards the end of last year and 
is now following Livingstone’s travels step by step. Viscount Uilswater, 
G.C.B., presided and speeches were made by Earl Buxton, the Bishop of 
London, Sir Francis Younghusband and others, and Mr. John Murray showed 
a number of very interesting Livingstone reUcs. 

The Monist for Janu^ contains an admirably written paper by Harry 
Elmer Barnes on “ Theories of the Origin of the State," in which the views 
of the ancients from Socrates to Seneca are carefully recorded and analysed. 
It seems curious to us that in attempting to explain aggregation of dwellings 
none of these writers cited the necessity for mutual protection against enemies. 
Probably war has really done as much to advance civilisation in some direo- 
tions as to retard it in others. 

We publish an amusing letter from fifr. E. H. Hankin on his experieu^ 
connect^ with medical research in India. So far as we know he has never 
received the smallest recognition from his intelligent countrymen for his 
invaluable method of preventing cholera by putting potassium permanganate 
in wells. Luckily for him, however, ho has hitherto escaped any serious 
punishment for this—such as Mr. Hafikine received in connection with his 
invention of the vaccines against cholera and plague which have saved so 
many lives in that country. He should not have been let ofi so easily. It is 
really high time for men to discover some form of crucifixion for their medical 
benefactors so that people may be left to die in piece by millions if they 
choose. G)lcmel King also gives some pleasant examples of the manner in 
which medical benef^tors should be treated. Why not light the fires in 
Smithfield again ? 
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To the Editor of Scxbncx Pbogrbss 

DR. HAMMERER IN CAMBRIDGE 

From Prof. E. W, MacBridx, F.R.S. 

Dear SiR,~Will you allow me space to make a brief reply to the letter 
of Mr. Thacker which appears in your issue of January f In that letter 
Mr. Thacker takes me to task for attributing to him the belief that " ger¬ 
minal variations are causeless. 

I am extrexnely ofory if in my letter to Scxencb Progress of October 
1923 I xnisunderstood and misrepresented Mr. Thacker. 1 am very glad 
to learn that he does not regard the phrase ** germmal variation as a 
hnal explanation of hereditary change, and that he adxnits that causes 
of germinal variation xnay be external as well as internal. 

This attitude I regard as moderate and reasonable. But I think that 
Mr. Thacker errs in attributing his own position to the nmjority of Men- 
dehaiis. It is the experience of both Dr. Hammerer and myself that 
when these gentlemen are called on to explain an hereditary chwge they 
fall back on the ** dropping of a factor ** or the appearance of a factor 
which the stock was carrying," and consider their explanation complete, 
The climax of absurdity was reached at the Liverpool meeting of the Bteitiirii 
Association when one Zoologist* describing the occurrence ot " intersexes " 
amoni^t pigs in one of the P^hc islands, explained their occunenoe by 
assuming the existence of a " factor for intersexuality." 

May 1 remind Mr. Thacker that Weismann himself, when hard pressed, 
admitt^ a Lamarckian origin—in the last resort—for his variationi ? 
This is a point which is constantly overlooked by his followers. Weismann's 
conception of the nuclear constitution of the germ-cells was that it con¬ 
sisted of a number of complexes which he termed "ids." Each "id" 
was theoretically able to carry through the development of the egg. Varia¬ 
tion took place through the random shuffling of the " ids " in the production 
of polar bodies. The " ids " resembled each other closely, but not com¬ 
pletely, and the di^erences between the " ids " were traced back to $k 0 mri- 
cellular ancestors of the race in which they had been acquired by a Lamat^ehian 
reaction to the environfnent of these simple organisms. Therefore, according 
to Weismann, ‘ unioelhdft'*' animals could acquire in a fon vipeet 

new qualities, whilst multioellular animals could not I i I commend thte 
explanation to Mr. Thacker's better judgment. 

I agree with Mr. Thacker that Dr. Kkmmerer's work on^t to be n* 
peated and confirmed. That, incidentally, is what Mr. Boiuenger and I 
nave been endeavouring to do-in the Zoological Gardens of Imidoa ior tha 
last lour years. We aie wmking on the colour reactkms of Sakmmiim 
maculosa, and so far as we hove gone our observations confirm Dr. |Gam- 
merer's work. We have only sncoekled, however, in rearing the first genera* 
tions to maturity. With luck this spring we hope to get them to breed, 
and then in a few yem more we ought to be able to report dedrtve^ on the 
matter. This will give your readers some idea of the difficulty of dealing 
with questions of this kind. Mr. Thacker refers to the experli^ts df nty 

(34 
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ol 4 Vox on Ciona as ju8tif3mg tlie hesitatioii which he tels in 

KMnaMmt*n results. I think that by this time he will have 
' tbist Mr, Fox's work gives no reason lor this hesitatioii. Mr. Fqjc 
vfas unable to get the reaction of Cuma to the experiment of amputating 
the slj^n which Kammerer had describe; but Kammerer's observations 
wete a mere repetition and extension of Mingazinni's carried out twenty* 
five years previously. Of course Mingazinni did not test the inheritability 
of the acquired character, but neither did Mr. Fox. Perhaps I may be allowed 
to add that it was Mr. Fox himself who in 1914 first drew my attention to 
the importance of Hammerer's work. 

{finally, may I remind Mr. Thacker that at least three other observers 
have obtained similar results to those reached by Kammerer whilst working 
on widely different animals—viz. Heslop Harrison on moths and Hymenop« 
tera, Durkhem on the pupm of the white butterfly, and finally Pavlov on 
the inheritance of a conditioned reflex (».s. a habit) in white mice. 

Yours truly, 

Jmmwy as, 1924. £. w. MacBridx. 


SANITARY WORK IN INDIA 
From £. H. Hankin. Sc.D 

Dxar Sir. —^Your difficulties in India, it appears to me» were only partly 
due to the usual op^sition to new discoveries. There was also opposition 
owing to the fact that the equanimity of the medical authorities at the 
time had been somewhat disturbed by Hafikine’s and my bacteriological 
work. Despite its lesser importance, my work probably exceeded HaffMne's 
in its power of ruffling official feathers, as his work, at the utmost, merely 
accused his official sup^ors of sanitary sins of omission, while mine pointed 
to their sixis of commission, which I repeatedly advertised with much in* 
discreet enthusiasm. Hence the following account of my experiences may 
perhim be of interest to you. 

When I arrived in India in 1892, it was quite unknown to me that, in 
any department of Government, for the sake of discipline, it is necessary 
for junior officials to show respj^ for the policy of their superiors. Should 
they have valid reason for believing their superiors to be in the wrong, it 
is Mvisable that they should tactfully draw their attention to the facts 
of tibe case, leaving to them the onus of deciding what should be done. For 
ipstanoe, a high sanitary official once told me that it would be quite con* 
trary to official etiquette for an official—even if so highly placed as he was 
*- 4 o make a recommendation that contradicted an existing Government 
order. For instance, to quote the example he gave me, if a Government 
Older existed that j^gue^infected houses should be disi^ected and if you 
discover that plam is carried by rat-fleas and that disinfectants merely 
niake such fleas liable to take refuge on human beings and bite them and 
so increase the disease, you must not recommend that msinfectants should ^ 
dropped, but only suggest that anti-rat-flea measures should be added to 
t3ie„ existing procedure. 

Ttefit and official retkenoa an not needed for oatrying out reaearctwa 
on qiicntfee, and my mental equipment at the time did not entehd beyond 
#uit imi xaqniaite for ffiy sdentiSc work. Idy annual nporta, conaaguen t ly. 
widoh afaould have been nothing mqn than a etatiatical smnmary of wont 
oontained aomewhat racy and indaive critidama of offidid apatihy 
•limit ehplara. and even, rtiahinf in when my o ffi cial auperiota thqumiiMX 
wlaar not to treed, I made many practical auggeationa for daa&ig wiffi ffite 
amne of wbicb an nowadaya commonplace and eonie Of vdd^ am 
f obaolata. The then Inreetoi>General of the Ind^ Madkal 
on ono Qccaakm^ imptand me not to write aueb loof wpoili » 
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requeat that 1 diacegarded—while, at the titae, one of whs llilfli 
reprinted and, I believe, widely circulated by Government. Hot eoateot 
with critidimg my supericne in my official annual repoita, I actual^ 
—and without asking permission—published a book entitled CMmt fa 
Indian Cankmmtnis and how to deal wUk it: wriden for the nu of CmUoth 
ment Mt^istrates, Medical Officers, and others imteresied in the Qnestkm. la 
its first jparagra^ the opinion was expressed that the idea of a ” ehohna 
miasma,” the then pet belief of all my official superiors, was " a view liMia% 
descended from the old idea that an epidemic was caused by an efflnVlam 
from a comet's tidl, and that it is a view that has never acquired the 
definiteness of a scientific conception." The book was full of s t a t e m e nt s 
that directly or Implicitly put the authorities in the wrong in thehr Bicda 
of dealing with cholera. For instance, the water-supply to troops was 
then suppcsed to be adequately protected from cholera uitection because ft 
was always filtered through the Macnamara filter, an old-fashioned appara¬ 
tus of sand and charcoal. This is described in my book as " an exoMlent 
bree^g-plaoe " for the cholera microbe; also it is stated that the cindera 
microbe had been found by me in a Maimamara filter that had been used 
throughout a particular outbreak no less than six weeks after the filter bad 
been last used. " Of course by this time," my account continued, " it had 
lost its infectious power; but the observation is of interest, as I am sum 
that no cholera microbe could survive so long in a culture tube in my labora¬ 
tory, at that time of the year." But the stock argument then reliM on hf 
the medical authorities for disbelieving that chotera could be due to in¬ 
fected water was the remarkable fact that when the disease broke nut at 
pilgrim festivals on the banka of the Ganges, though the infection invariably 
reached the water, the disease never broke out in villages downstream on 
the banks of the sacred river, though the inhabitants habitually drank fts 
water, unless indeed the disease was carried to the village by returning 
pilgrims. This argument was completely upset by my dimvery that tha 
Ganges water acts as an antiseptic to the cholera microbe, probably owing to 
the presence of traces of hydrogen peroxide produced bythe action of sunUmit. 

My reports showed no hesitation in ^tidsing my own official duUss. 
A neat part of my work at the time was the testing of water-snpiffieK 
" >^y," was asked in one of my annual repmts, " should one test weU-water 
either chemically or bacteriologically when one can at once render it fit to 
drink by disinfecting the well 7 " My employment of permanganate in 
purifying well-water resulted in Government granting the sum of a hundcsd 
rupees for continuing the test of the method.* A high medical authority Wto 
heard to say that he had opposed this grant by every means in his pow er . 
The hundred rupees appears to have been a profitable investment, for, in xpS4, 
when supplies of permannmate had been interrupted owing to the war, I 
was asked to find a substitute, as the interruption was a serious matter, far 
it was calculated that in that year, in the United Provinces alone, tlfe nse 
of permanganate had resulted in the saving of 36,000 lives. The only other 
offidal mention of permanganate ever made to me was by a cwtain Lfeit- 
toumt-Govemor when I made a request to be afforded far^ties lor 
statistics for testing the value of the method. Efe replied, " It It qaito 
unnecessary, Dr. Htmldn, for each of my subordinates is teqnfaed by govMA* 
ment order to have a suf^ly, and if he is short of pwmanganate wbm dbnisto 
breaks out he has to give his reasons in writing and is liable to be pnofebed.^ 

Misled by a false theory, the authorities failed to take various tferaw* 
tary sanitary precautions in dealing with ohdera. In one instaoeskNlltiteff 

* The method was first tested me in tiie Native State of BakastoNto 
to some personal risk. See " Bbowani, the CSiolesa Goddess,** WwsfeWtll 
Cmkwy for October 1896. 



CORRESPONDENCE to; 

ooconiiig among troops, although the basaar, where diolera was 
wae stiictly out of tx>unds. It was found by me that the sweeper 
hm a dean broom for sweep^g out barracks, etc., and another broom that 
he xesenred for sweeping in dirty places such as latrines and cookhouses. 

After several small discoveries of this kind bM been made by me, I was 
put on a conunittee for investigating an exceptionally severe outbreak of 
cholera that had decimated the East Lancashire Regiment in Lucknow in 
xSg4. Some of the members of the committee expected me to write a report 
of the stereotyped variety with details about the sandy soil, the prevailing 
winds, the cUmate, etc., the consideration of which points 1 persuaded 
them to defer till other more important matters had been examined. The 
finpt cl these was the fact that £ Company had escaped without a single 
case. We examined its colour-sergeant. Had yovr company the same 
food and water supply as the others ? ** he was asked. Yes," he replied, 
and one of the members of the committee looked at me out of the comer 
of his eyes with a suggestion only of Schadenfreude, Then, by good luck, 
the question was put by me to the sergeant as to how he could be so 
confident that his men had the same water to drink as the others. His 
reply was " Well, sir, 1 ought to know as I boiled it myself." Needless to 
say, this precaution had not been taken in the case of the other companies. 
Tm answer practically settled the question. £v^ detail of the evident 
agreed with the view that the outbreak was derived from infected wat«r, 
and we found no need to dwell on the sandy soil and the prevailing winds. 

A committee was afterwards appointed, of which 1 was made an " addi- 
tkmal" member, to revise the regulations for dealing with outbreaks of 
cholera among troops. Old regulations about marching to " cholera camps 
at right angles to the prevailing wind, etc., were abolished. They were 
leplaii^ by others based on tecteriological knowledge. Since then no 
severe outlveaks of cholera have occurred among British soldiers in India. 
The deserted sites for cholera camps, still to be found near every canton* 
ment, are left empty and ready to used as emergency landing-grounds 
lor aeroplanes, should such a ne^ ever arise. 

When my term of service of five years drew towards an end there was 
some delay in reappointing me. Rumours reached me to the effect that 
the medical authorities wanted to replace me by a fresh bacteriologist, one 
mose up to date and perhaps less likely to disturb official routine. Undi^ the 
ctroumslances descrit^ above, a desire for change on their part is no great 
maUer for surprise. But my bacteriological work was at an end. My medico* 
legal and chemical work increased enormously. The colony-counting test for 
municipal water-supplies had been introduced by me and soon was the cmly 
work opnnected with microbes still carried out in the Agra Laboratory. 

In the meantime Haffkine had bean introducing his cholera yacdn, 
sod he followed this up by his yet more brilliant and more useful discovery 
of a tqiDde of inoculation against plague. 

iDiie work of Haffkine’s probably made the medical authoritiee awake 
tb the p^bility that Govmment would think they had been wd|^ie 4 
fii; the balance and found wanting and, accordingly, mi^ take saniUxy 
imk pat of their bands. Hence, it may be suggei^, it waa for a staott 
ttme^ their policy to depreciate the value of bacteriological work. When 
they heavd of what you were doing with malaria, they were already antoring 
from a kin4 of mental anaphylactic shook, and hence they tried, with bad 
iadgment, to nip your work m bud. It was only later that the authed^ 
of de Indian Mmcal Service started a bacteriological department^ 
by tfrelr own officers, who have since tackled Indian bacteriological pcoldems 
mdk valuable tesutts. 

Yours sincerely, 

Jmmv >9^4* s» Bf Urnsnu 



' ESSAYS 

VEX VSWAXiTIBS OF XBBBABCH (Cal. W. 0. King. C.LE.. LILf.) 

Proverbs arc the inspissated products of communal experience; a few 
are common to several nationalities, yet modihcations betray the character¬ 
istics of respective peoples. One of these showing a frequent concurrence in 
views, though used in various forms, is that the child is father of the 
man.*' As thus stated, there is an assumption that instincts exhibited in 
childhood will predominate in after-life ; the terse statement leaves no hope 
of either their obliteration or modification. In the nursery the cry in glee 
or in anger—^in either case in token of superiority over the rest of the rabble 
—It's mine, I found it first," bespeaks the instinct of acquisitiveness, if 
not of inquisitiveness, as an incentive impulse. A priori reasoning would 
dictate that these primary instincts must have been possessed in an unusual 
degree, by men recognised as having placed milestones marking the progress 
of science. Thus it might be surmised that the child who, imdeterred by 
the parental rod, ascertained the organisation of a clock, would be found in 
after-life engaged in eager effort to fit atoms and electrons into the scheme 
of Creation; or that the adolescent inquirer as to the internal machinery 
of a cat, would become an authority in zoology or in the art of heading* In¬ 
stances are not wanting in the history of men of Science which prove that 
such tendencies have been as the bud to the flower; and biographers search 
for such proofs that their heroes were prodigies in infancy. But a compara¬ 
tive study of the lives of recognised authorities," as contrasted with the 
average worker, would make it probable that their pertinacity in striving for 
success in adult life has followed control of these primary instincts, by tb6 
finer qualities of mental power elicited or strengthened by the rod of adversity, 
and by experience gained in differentiating Tight from wrong, in the oourse 
of meeting adverse criticism from their compeers. Especially has strenuous 
action been inspired, in spite of difficulties, by the belief that the advanoement 
of Science and humanity are interwoven ; for tribulation worketh patience ; 
and patience, experience; and experience, hope." Such opinions do not, 
however, accord with the popular conception of the fully developed man of 
Science ; he is depicted as a being with supernormal brain power—boni, not 
made; that he should encounter opposition from his fellow workers so acafo 
as to be a factor in mind-moulding would seem absurd. Yet, from early 
times, " envy, hatred, malice, and all uncharitableness,** and —at times—the 
stake, have bunted the Research-worker. In modem days, such crude 
accompaniments of advance are camouflaged under the term ** criticism*— 
healthy and unhealthy; but the nursery cry—" It's mine, I found it first, 
persists. Indeed, the only man of whom it is recorded that he disekim^ 
a discovery with which it was possible for him to be credited was Adam; 
he was too noble to deprive his partner of the honour. 

Communal psychology connoting a particular type of mentality my not 
be effective in guiding personal action. This becomes more readily demon* 
strable the smaller the community. If there be but one bauble for the 
nursery rabble, proprietary rights become of special import—even tn ilm 

M 
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eaecitement of pugnacity. Under such conditions, ** patience " and experi¬ 
ence** have selective inducnce in the production of authorities. 

Restrictions are found in a marked degree in the medical profession. 
Here there exists a body of men whose communal and personal actions are 
subject to caste rules and prejudices which date back to Hippocrates, and 
are as strict as those which to-day govern the Hindu.^ In more or less 
modified form, the oath prescribed by him is still administered by certain 
bodies when conferring degrees ; and whether the medical man of the present 
day has so formally pledged his honour or not, the moment he becomes a 
member of the medical profession he remains within the pale of a caste 
subject to traditions, the ignoring of which leads to either social or actual 
excommunication. The oath of Hippocrates, whilst seeking the common¬ 
weal of the profession by rules that would safeguard its honour and devote 
its members to the cause of humanity* demanded that the interests of the 
patient should be paramount, and that accretions of professional Imowledge 
be not exploited for the benefit of the discoverer. In a paper recently read 
before the Royal Society of Medicine by W. H. S. Jones, M.A., the bearing 
of medical etlfics on the rights of discovery is thus stated : ** Nowadays aU 
discoveries in Surgery and Medicine must be made public property. New 
surgical methods or an improved vaccine must not be patented.** There is 
here referred to a fact very little known to the general public and where 
known its wide influence is not usually appreciated ; namely, that whilst to the 
Research-worker in other branches of Science it is possible that personal efforts 
may bring him not only fame but money-producing inventions protected by 
patent, this is forbidden to the medical man not by the laws of the country 
but by the caste and ethics of his profession. The discoverer in Medical 
Science has the satisfaction of knowing that years of toil (which in other 
work would have brought him and his children a competence) have been of 
benefit solely to his fellow-beings, and, as for himself, there remains the 
possibility of a niche in the Temple of Asklepios. *rhe niche, however, is 
neither protected by the Tenth Commandment nor by a patent, and until 
he has met in wordy combat such of his compeers as echo the nursery cry 
** I found it first,** or attempt to minimise the importance of his discovery 
by pointing to the historical fact that 1 -em-Hetep (3300 b.c.) came to the 
same conclusion but, unfortunately, had no leisure to prove it, he may not 
be granted even a niche. 

The well-known cases of Vesalius, Harvey, Pierre Brissot, and Ambrose 
Par6 afford instances, in early days, when opposition by the profession as a 
body was of the unhealthy variety. Differences between individuals on 
promsional opinions sufficed to bring about a duel in Jamaica (1750). A 
riot by respective studept advocates of diverse doctrines occurred in G6ttin- 
gen (xSoa), which was of sufficient asperity to require cavalry to terminate 
proc^ings. In the present day, when a direct assault upon the claims of 
a dhsooverer has failed, he may still be required to run the gauntlet of dog- 
mauc contradictions culled from ** principles ** or hypotheses laid down by 
accepted sages. This offshoot of hero-worship is a marked peculiarity of 
medical men, which finds an analogy in the respect paid to the teacher under 
the laws of Manu as well as the oath of Hippocrates. 

Agsin, there is the ever-recurring danger of discouragement of young men 
at the hands of senior experts in the particular work where they threaten 
intrusion ; here the cold water of dogmatic assertion has frequently quendied ' 
fim^y the fire of enthusiasm.* In the case of Semmelweiss, who, under the 


^ The panchayet ** has its analogue in the General Medical Council. 

* Contemptuous treatment of investigation is not confined to one 
profession, mure Science has shown itseu absurdly intolerant to study 
of ^rimt still imperfectly understood ** force ** which Crookes entitled 
piiyctdc**; yet, that its existence is capable of demonstration^ there 

4 ^ 
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strain of opposition^ nltimately became insane, the striking result of his 
empirical advocacy of asepsis in midwifery was treated by medical men 
•' either with indifference or self-satisfied superiority or with the hostility 
of insulted dignity —an attitude which probably cost the lives of many 
hundreds of women pending Lister's great work. 

So far have been outlined dif&culties which trammel the Research-Worker 
in medicine, at the hands of his compeers. The resulting uninviting picture 
of human traits is, however, reliev^ in practice from dark shades by the 
fact that, whilst wrangling^ ad libitum is permissible within the profession, 
the defence of its members or of its traditions from attack by outsiders is 
loyally of the nemo me impune lacessit variety. There remain, however, 
difficulties which beset research of greater import than those ^uded to, 
and for which outsiders are responsible. These are removable by that great 
body—^the public—^the nation—for whose benefit discoveries (unprotected 
by patents) for the relief of suffering and disease prevention have been freely 
given by medical men. It has been forgotten that the education of a medical 
man represents capital sunk with the object of utilising the knowledge 
acquired for the mundane purpose of earning his daily bread by methods 
limited by caste ethics; and that research represents, in time, labour, and 
material, sacrifices of the wherewithal for that necessary nutriment—^irre¬ 
spective of that not infrequent risk of contrau^ting the disease over which a 
victory is attempted. 

Opposition frequently emanates from lay authorities in charge of public 
funds who pride themselves on being practical, and regard research on behalf 
of either Curative or Preventive Medicine and the application of their 
teaching for communities under their administration as expensive " fads,'* 
which can safely be ignored in their budgets. It was in this spirit the 
War Office of the period caused troops in the Crimean War to attempt 
existence on a diet which Professor Christison showed was of less nutritious 
value than that used, in time of peace, in garrisons in Great Britain; and 
that the Government of India, against the strenuous protests of the 
late Surgeon-General Cornish, C.I.E. (when Sanitary Commissioner for the 
Government of Madras), ordered a standard diet of one pound undeaaed 
grain per head for adults of a famine-stricken population. Wolseleys 
conception of the importance of Preventive Medicine in ruling that his 
Sanitary Adviser should be at the base of operations had a like origin. 
Pirogoff, in the Crimea, and Lieutenant-Colonel Carter, C.B., I,M.S., in 
Mesopotamia, had each a ** bad time " in combating authorities of like 
mentality. It was the practical genius of a body in charge of pubUc funds 
for the upkeep of a large camp, during the late war, which caused it to spend, 
by insertion at the hee^ of a soimd water-carriage sewerage system, chloiide 
of lime at the rate of over £Boo per annum, and to launch the mixture on 
modem sewage filters where microbic action was essential. They ultimately 
scrapped the expensive filters and sewage disposal area (which justifiably 
refused to yield vegetation), and spent thousands of pounds on a substituted 
scheme for pumping the sewage to a new point of discharge. The man who 
solved the simple problem had the usual reward of a " bad time." 

The practical man, as an individual, may have bigoted views whkh ha 
may defend till shelled out of his stronghold; but the politician wittingly 
defends crooked views held by others, vrith the camouflage of sincerity. Omy 
under crushing difficulties, such as great national calamities, is a communal 

can be no doubt whatsoever. In the presence of the inflexible sceptidsm 
of his compeers in Science, a man who could be trusted to identify Thallium, 
and to have brain enough to be President of the British Assoda tion , 
abudoned research on the subject, " that he might work where pcejudiea 
did not assail him." 
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mentality of a higher type elicited. This was evident during the recent war. 
Ihe politidans of that day suddenly discovered that research in Chemistry 
was of value to the nation, that the physicist could provide data for offence 
and defence, and that allied Curative and Preventive Medicine formed 
the backbone of the fighting efiiciency of our Navy and Army; they also 
realised that the men who gave their experience bom of infinite toil required 
a living wage, and that materials for investigation cost money. They advanced 
even so far as to understand that the discoverer of facts of value to the 
nation deserved a more durable token of gratitude than the thanks of the 
bureaucrat, in the form of drafts on the funds of the public served. Henoe« 
an Inventions Board. Amongst other awards have been ;^2o,ooo for an 
explosive bullet; ^£7,000 for a patent-bullet; ^£2,500 for a process of ** silver¬ 
ing a mirror; £$00 for improvements on roll and depth recorders, etc. 

Realisation of the Importance of the application of Science, in time of 
war, gave hope that the benefits on the h^th and economic conditions of 
the country would not fade from memory, in peace. But politicians who 
were able to provide millions of pounds for unemployment without arranging 
for any form of labour test, and met a disease in cattle by a slaughter policy 
at a cost of further millions and, by way of economy, axed ** the few 
thousand pounds for the mastery of which research had been sanctioned, 
showed their appreciation of the value of Medical Research to the country 
by placing at disposal, in 1922-3, the sum of ;fi3o,ooo to cover the require¬ 
ments of (a) clinical medicine; (6) mental disorders; (() industrial fatigue; 
and pathological inquiries. The Report on the work attempted states 
that investigations could not have been undertaken, unless the sum supplied 
by Government had been augmented from other sources—private and quasi- 

K * Tc. Not only was this the case as to funds but, according to Lord 
bury, there were utilised in other departments the services of scientists 
willing to work for the Government at far less than would be the remunera¬ 
tion of their great talents, and are willing, through Government, to place their 
knowledge at the service of the community.*' Nature, in a leading article^ 
stigmatises this as a ** deplorable statement,** ** which Wdly claims the mer¬ 
cenary advantages of a one-sided arrangement.** It certainly is a statement 
that f&ould suffice to make a member of the late Inventions Board blush for 


bis country. 

It is apparent, therefore, that the average medical man who devotes 
himself to Research does so at the mesent time in the knowledge that, in the 
** mercenary advantages of the one-sided " arrangement of finandal authorities, 
he may find ** experience ** in philanthropy and impecuniosity, which may 
develop *' hope ** of the variety that maketh the heart sick. It is at this 
critical stage in development that the Simian Instinct of pugnacity attains 
the refined quality of pertinacity, which, as above suggested, has bm exhi¬ 
bited in a special degree by acknowledge authorities, whose work has been 
inspired by t^e belief that the advancement of science and humanity are 
toterwo v an. This characteristic is certainly demonstrable In the case of 
Jenner, lister, and Roes, whose labours, in the last one hundred years, have 
placed within the power of man the defeat of small-pox, sepsis, aw malaila, 
and thus have saved from death and suffering, not the people of a single 
country, but the masses of the world at large. 

Jenner, in a letter to his friend Dr. Gtadner (Life of J$nn$r, by JBeTon, 
vol. i, p. 267), says: ** My experiments move on, hot I have all to do singla- 
handed-HQot the least a^stance from the quarter where I had the moat 
right to expect it 1 Bodily labour I disregard, but pressures of the mind 
grow too heavy for me. Added to all my other cares, I am touched hard 
with the reigxung epidemic—impecuniosity.** In another letter he statea 
(p, X40): ** vnfiilst the vaccine discovery was progressive, the Joy I felt at 
tm prospect of being an instrument destined to take away from the world 
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one of its greatest calamities . . . was often so excessive that« in pursuing 
my favourite subject among the meadows^ 1 have sometimes found tayn^a 
in a kind of reverie. It is pleasant to me to recollect that these redectioxis 
always ended in devout acknowledgments to that Being from whom this 
and all other mercies flow." Lister, from his flrst contact with surgical 
duties in wards, was filled with profound pity for the ghastly mortali^ he 
witnessed. He declared, at a dinner of the Royal Society when receiving 
the Copley Medal, that " perhaps his chief merit lay in the fact that he 
worked for years together^ with exceedingly little encouragement from his 
professional brethren. There were, however, two great exceptions, his 
father-in-law, James S3rme, and his students." In his Memorial Discourse 
concerning Lister, in 1912. the Rev. Wallace Williamson, stated [History of 
Medicine, p. 636, by Garrison), " His was the grave and thoughtful courtesy 
which bespoke the Christian gentleman and the earnest lover of his kind. 

, . . That such a man, dowered with God's gift of genius, should rise to lofty 
heights and achieve great things was inevitable.** Ross, in his Memoirs, 
recently published, shows that the underlying motive of his efiort to solve 
the problem of malaria was the hope of saving the people of India from 
the suffering, poverty, and death due to that unconquered disease, which 
he witnessed on first joining the Indian Medical Service. He found scope 
for his poetic tendencies to record much of his daily thoughts and actions 
in metre. This is how matters struck him in 1890 [Philosophies, p. 21) as 
to Indian fevers: 

" The painful faces asked, can we not cure ? 

We answer. No, not yet; we seek the laws. 

O God, reveal thro' all thiB thing obscure 
The unseen, small, but million-murdering cause." 

And, on the day of discovery (p. 53) be wrote: 

" This day relenting God 

Hath placed within my hand 
A wondrous thing; and God 
Be praised. . . • 

I know this little thing 
A myriad men will save." 

The benefit derivable from the discoveries of these three authorities is 
evident. Putting aside the well-acknowledged protection acquired by 
vaccination in the individual, it has been abundantly proved that 
whilst there exists a distinct type of small-pox known as amaas, alastrim, 
or " mild small-pox," in whi<^ no exacerbation of virulence has been 
proved, strains and substrains of the virulent form undergo attenuation, 
amidst other factors, in accord with the grade of diffuseness of vac* 
cination in communities. Statistics show that malaria is heavily incident 
through huge areas of the world. Nations, as warlike powers, have been 
broken by it. Agriculturists have been decimated. The work of Ross has 
placed it within the power of representative public men in the areas con* 
corned to relieve their people of this cause of mortality and grave labour 
disability. That the conquest of sepsis is of importance throughout the 
globe is also self-evident; for, where the saving of life and relief of suffering 
depends upon the wielding of the surgeon's knife, sepsis must be prevented* 
This Lister rendered possible. 

If, therefore, the nation believes that " health is wealth," its existing 
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babit of pladdly accepting, free of patents, discoveries gained by the toil 
of a sentitneatal caste—bound by archaic ethics no other human beings adopt 
—^fulfils requirements. It suits admirably the politician's conception of 
political economy. Has it not, moreover, the merit of imitating closely 
Nature's mode in evolution of higher vertebrates—where fishes firom the 
vasty deep are confronted with dimculties from which they escape only to 
find others on dry land ? A close imitation, certainly; but \dth Nature time 
was not measured at Greenwich, and it was no waste to secure continuity 
of effort by providing millions of ova for replacement of failures in pertinacity. 
As stated Sir Chiles Sherrington, at a recent anniversary diimer of the 
Royal Society, in reference to advance of Science generally, " there must be 
a reasonable competence for those who have shown a capacity for original 
investigation " : and it may be added that, in the absence of exercising the 
right of patent, this dictum is essential to the Science of Medicine. Of course, 
the practical man who fails to understand that ** within human limits health 
is purchasable ** but would advocate the buying of rights by the nation of 
a special bullet or chemical, may find no economic analogy between these 
tangible objects and paying for results in medical research, of which the 
value may be merely potential. That, however, exists. 

The connection between sickness, labour disability, and economic condi¬ 
tions of communities requires no argument. Lieutenant>Colonel Freemantle, 
M.P., recently showed that, under the influence of Applied Hygiene (the off¬ 
spring of Medical Science), expectation of life has so increased as to place 
at the disposal of the nation a potential output of labour to the value of 
;f2oo,000,000, against a still recurring loss by sickness of ;£i5o,ooo,ooo per 
anntm. No one who has witnessed the horrors of deaths by hydrophobia, 
tetanus or diphtheria, would haggle as to the monetary value of the vaccine 
of Pasteur and the anti-toxin sera of Behring and Kitasato ; nor would one 
who has seen the devastation of troops and populations by typhoid, cholera, 
and plague regard public funds as wasted in purchasing the vaccines of Sir 
Almroth Wright and of Haffkine. These men might well have been million¬ 
aires under the protection of patents. When a section of the public in 
England realised the great benefits of vaccination, an effort was made to 
secure for Jenner a monetary award from Parliament, Witnesses before 
the Parliamentary Committee which investigated the claim stated that 

J enner had not only given his skill and labour through many years, but, in 
oing SO, had sacrificed his private practice, whilst had he patented his dis¬ 
covery he could have earned at least ;fio,ooo per annum; and that the loss 
to the nation by small-pox was at the rate of 45,000 lives yearly at the cost 
of ;fxoo,ooo. The Government gave grants aggregating ^(30,000; but to 
Grattan it gave ;f5o,ooo, in recognition of his patriotism " I lister bad 
private means (irrespective of the necessity of adhering to his practice in 
giving scope for his special research) with which, through years of anxiety 
and toil, early and late, he met the cost of his own experiments. Therelii^ 
to suffering humanity, in peace and in war, following the adoption of the 
broad trui^ of Listerism has been indescribably great, and the monetary 
saving, owing to decreased period of detention of surreal cases, must imply 
millions of pounds. Sir Ronald Ross conducted his experiments at his 
own cost. Confronted with the refusal by the Government of India to promise 
a trial of practical application of his discovery, he retired prematurely from 
the Indian Medical Service on a minimum pension—a matter which, if applied 
to the multiplication of years since that period, must represent, throughout 
his life, a heavy sacrifice. Had he not had the resolution to face this conse¬ 
quence,in the hope of demonstrating the applicability of anti-malariid measures 
to c^mnuniHes, there is reason to believe this discovery would for an indieSnite 
time have been regarded merely as one of abstract Science. India, which has 
but fitfully used anti-malarial measures in the midst of the general population. 
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lotas not last than ona millicm tnhabtta&ts per annum from makrlai itvm, 
eonplad with an unprodnctiva cost of (at a minimum) 600,000: hut, 
following the efiorte of the medical staJSs attached to British troops, in tha 
light of Ross's work, there occurred arapid fall of admissions 4 or these fevers 
betiveen 2899 (the year succeeding the discovery) and 1914—a period beyond 
which war factors are exhibited in consequence of which Inaia must have 
saved enormously in expenditure,* owing to less detention in hcsf^tals and 
invaliding. In the Near East during the late war, anti*malaria measures 
nndertaken by the Medical^ officers (although trammelled in completeness 
and therefore in results by active service conditions) contributed greatly to 
the fighting efficiency of our troops, in happy contrast with those of the 
enemy, in the same areas where like preventive measures were much neglected. 

In the absence of anti-malarial measures, construction of the Panama 
Canal would have been impossible without extraordinary sacrifice of human 
life. Gorgas, in contrasting the American with the French efiort, where 
no such advantage was available, estimated that a saving of 72,370 lives 
bad been secured. Tolls to the value of ;^3oo,ooo per month are now being 
obtained from the completed work. Malcolm Watson has proved that in 
Malaya a saving of 132,000 lives has resulted. In West Africa (formerly 
known as the " white man's grave,'* for sound reasons), the lives of 
European residents in areas where anti-malarial measures have been efiected 
are as good as those in Great Britain, whilst, in the case of missionaries, who 
are exposed to conditions beyond these areas, mortality is nearly four times 
above normal. 

ff, then, " within human limits health is purchasable " and discoveries 
have a monetary value, why should the nation have the pettiness by " mer¬ 
cenary one-sided arrangements " to absorb the results of Medical Eeseardh 
without making due return ? To appoint a Medical Research Council and 
make it dependent on casual outside contributions for many of its important 
duties, is a travesty of requirements. Moreover, whilst valuable team work 
confidently may be expected from the highly qualified experts of that body, 
the method neither meets the necessity of early aiding the young Research- 
worker, nor of rewarding the independent ori^nal worker, by money grant 
or pension. Canada, in the case of Banting, and France, in the case of 
Madame Curie, have shown gratitude by confo^ng life pensions. Germany, 
on its " accor^g to plan " mode of pre-war days, largely owed its nationid 
mosperity to its guarantee of support for themselves and families of Research 
Chei^ts, and by the same method obtained the work of Koch, Zeiss, and 
Bayer. 

Either the medical profession, in its own interests, should modify its 
ancient ethics as unsuitable for the present age; or the nation should mii^te 
difficulties which beset the evolution of Research-Workers in all bnmches of 
Science directly or indirectly concerned with the well-being of the people 
and the economics of production, by making adequate maintenance, smtaote 
monetary awards in special cases, and liberal pen^ns—matters of certainty. 
The system adopted should require ih$ Res$arclhWOfkif b$ search§d fcfBMm 
asset of value-—not be loft the sport of chances. The money thus sunk 
the nation would represent a gilt-edged investment, with mercenary advssi^ 
tages not one-sided. 

* The average duration of detention of British soldiers in India per case of 
malarial fever has been officially rccopiised as 22*77 day** The rate of ad¬ 
mission of these troops under this head per mile, per annum, was 374 la 2898* 
*44 til 2908, 252*5 in 2920, and 227*2 on the average of the period 2920-11, 

* In the Mediterranean garrisons, the subdukig of undulant lever lol- 
iowing the discovery of the Miomoccns msieUnsis by Sir David Bruce has 
also resulted in great economy under the same heads of expenditure. 
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mivftonmrT amb vxbssvt nmaiom or 

CKUiaifB-rZKOir VmMOnr (ProL W. Peddle, D.BO., FJL8JB.) 


X. Colour visioii is one of those subjects, the most interesting of all« which 
lie upon the borders of at least two great branches of knowledge* In its 
case the interest is more than usually great, for it is related unavoidably 
to three main fields of inquiry. Physics, ph3r8iology, and psychology have 
each to contribute to the solution of its enigmas, and the theory cannot 
attain to final completion until these sciences are in full agreement in regard 
to their data and their conclusions; for the complete solution must be 
unique. 

The beginnings of knowledge regarding it lie far back in the centuries^ 
hidden amongst the attempts to solve the practical problem of determining 
the least number of pigments which could serve for the pictorial repre¬ 
sentation of the manifold of colours exhibited throughout nature or in art. 
The former inquiry indeed could scarcely arise tmtil after the discovery, 
definitely arranged for and made by Newton, of the coloured constituents 
of white light, and the production of white light by their recombination. 

a. The next great step lay at hand in the formulation of the law of re¬ 
combination. In taking this step Newton asserted his famous linear rule r 
Presuming that, in a suitable geometrical colour scheme, the positions of 
the various spectrum colours are mapped out, if masses i^oportional to 
the quantities of each component present in a compound light be placed 
at the corresixmding lod, the locus of the resulting colour is at the centre 
of inertia of these masses. The mechanical illustration is used merely 
because the same linear law is obeyed in the case of colour mixture, and its 
high accuracy has been fully veri&d. 

3, That step being settled, Newton proceeded to consider the question 
of ^ smallest num&r of colours which, by their admixture in suitable 
proportions, could produce a match to any observed colour. He said: ** 1 
could never yet by mixing only two primary colours produce a perfect 
white. Whelher it may be compounded of a mixture of three ... I do 
not know, but of four or five I do not much question but it may.*" He was 
very evidently seeking for the simplest condition; and, as Dr. Houston 
has pointed out, he actually gave a drawing in which three only were em- 


these three steps taken by Newton the foundations of the modem 
theory of colour vision were laid deep and strong. Modem work has only 
oonfimed them. And the form of his linear law of mixture gives at once 
the explaxiation of the variety of colours, spectral and nonnspectral, which 
may be selected as primary for the purposes of colour mixture. 

4. The adoption of three colours only as primary or fundamental in 
vision was first explicitly made by Young. Up to that stage inclusive, the 
development of the theory was on purely ph:^cal lines; and the results 
have been so fully confirmed by spectrum observations that this purt of 
tto theory has ceased to be themeticaL It was theoretical when Young 
Initifl^y advanced it; but the accurate quantitative measurements, first 
made by Maxwell and then by Helmholtz and his school, established it as 
a reality. As Helmholtz said, '* That one finds three fundamental ooloure 
sufficient contains certainly the recognition of the fact that the quality of 
colomud li^t is a function of only three variables.*^ Yet the entixe un- 
avoidabiltty of this conclusion is not even now realised by some of ncm- 
pbyeleal critlcis. 

The lineality of the law of mixture caxries with it the condusion that 
the reeiilts of oolour mixture can be expressed in terms of any greater number 
of fondamentale: but the fact that tl^ are sufildent shorn with certainty 
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that even one more is redundant. In other words^ w$ ka»» Mi hnotMfg^ 
UuU there is no independent fourth organ in the mechanism ef otdour vision. 

5. Theoretical ph3^ic8 deals with the formal laws of cofour vision, and 
practical physics se^s to establish their accuracy. These formal laws 
may, ot they may not, impose conditions on the mechanism which obeys 
them. In colour vision they do impose the condition of a secure triplidty 
of inter-independence. 

Now, the mechanism is complex. It consists of a retinal portion receiv¬ 
ing the stimuli, a connecting optic nerve bundle transmitting the resulting 
action to the brain, and the brain mechanism itself, which seems to be of 
considerable complexity, wherein the physiological action finally originates 
sensation, ^d the triplex domination xnay occur at the eye end of the 
system, or at the brain end, or partly at the one end, partly at the other. 
In any such case, while actual i^owledge regarding the structure and the 
nature of the mechanism is wanting, the process of supreme importance 
to the development of knowledge regarding its mode of action, after the 
establishment experimentally of a few de&iite laws or conditions, is the 
logical elucidation of the necessary consequences of these laws or condi¬ 
tions. If they are deduced without any further postulates, they must be 
in accordance with observation if the b^ic laws and conditions are rigidly 
or even just sufficiently correct. If fresh postulates are adopted in order 
to make possible the process of deduction, an experimental confirmation 
of the results is rightly regarded as a justification so far of the additional 
assumptions. In this way it is possible to attain to knowledge of phenomena 
while there may still be entire ignorance of the nature of the mechanism. 
The results are true whatever be the structure in connection with which the 
phenomena are manifested^ provided only that it be subject to the previously 
ascertained and utilised laws. This procedure was followed strictly by 
Helmholtz in his great development of the trichromatic theory. 

In addition to the Newtonian law of colour mixture, firmly based upon 
experiment, and to the condition of trichromasy, acceptance of wlfich was 
also compelled by observation, one other obser\^tional law was required 
before progress could be made. This was the so-called psychophysical law 
of Fedmer, which gave the relation between the intensity of the light inci¬ 
dent upon the eye and the magnitude of the sensation evoked. It asserted 
that the sensation increases in geometrical progression as the intendty 
increases in arithmetical progression ; and it was found to hold throughout 
an enormous range of intensity. Fechner^ himself gave the modification 
necessary at very weak illuminations, and Helmholtz used it in order to 
take account of the self-light of the eye. Helmholtz also took account 
of the modification necessary when the illumination was so strong as to 
produce dazzle. His entire subsequent logical development of the trichro¬ 
matic theory was based only on these verified postulates, and is true in so 
far as the verifications extend whatever be the actual triplex mechanism 
involved. 

6. One main problem to which he implied the theory was the determina¬ 
tion of the absolute fundamentals. Fechner's law, applicable to light of 
any one wave-length, is of non-linear form, and therefore may furnish a 
discriminating test. How are we to ei^ess the change of sensation whihh 
occurs when the mroportions of the stimulations vary ? The answer was 
given by Helmholtz in an amazinglv simple manner, as so often happens 
in the apparently efiortless efforts of genius. 

The matter may be put in this way. The specification of any coloured 
Ught requires a statement regarding intensity and colour. That is to say, 
it involves a statement of magnitude and al^ one of quality. But this is 
the characteristic of what is called, in physios, a directed quantity. These- 
fore the law of compositioii of colour may be expected to be ol all 
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independent diiected quantities. If so, it may be thus stated: the square 
of the change of the resultant sensation is equal to the sum of the squares 
of the changes of the three component fundamental sensations. Helxnholtz 
gave full reasons for adopting it, and pointed out that it was the simplest 
assumption that could be made. Nevertheless he recognised the necessity 
for testing it. He deduced from it the expression for the differential semd- 
tivity in passing from one wave-length to another, when the tests were 
made under the condition that the change of sensation was a minimum ; 
and he applied it to the direct observations of K 5 nig and Brodhun on the 
sensitivity. The correspondence of the theoretical and the observed data 
was remarkably good. Hence the postulate that the three independent 
components are to be compounded according to the law of geometrical 
addition must be regarded as at least a goc^ first approximation. And 
Helmholtz's absolute fundamentals, determined so as to get the best corre* 
spondence, must also be regarded as a good first approximatioh. 

7. Another main region of application of the theory is that which deals 
with peculiarities of colour vision, ranging from abnormal trichromasy to 
dichroxnasy and monochromasy. Hie simplest assumption which will 
account for dichromasy is that one fundamental fails to be excited. This 
was the idea initially put forward by Young, and followed by Helmholtz, 
as being the most simple. Whenever it was found that, in examples of 
one-eyed dichromasy, this most simple view was not suitable, Helmholtz 
stated the general case of a linear relation connecting the three fundamentals, 
so that only two were independent; and he showed that a particular case 
of this general case was sufficient to explain the examples referred to. The 
full general case is far more than sufficient to account for all known examples 
of colour blindness of any type. Yet many, even recent, criticisms seem 
to have been made without realisation of the full meaning of Helmholtz's 
half-century-old work. 

There is no limitation of colour blindness to three possibilities. There 
may, so far as theoretical necessities go, be actually, within limits, a triply 
infinite series, with continuous variation from monochromasy to full normsd 
tric^omasy. Most probably nature imposes restrictions upon the wealth 
which the theory admits. 

8. In the preceding sections, the joints discussed lie entirely apart from 
any question not only of the mechanism which is involved, but also of the 
physiological actions which occur. Amongst them may be included all 
questions of contrast and of after images. In fact the whole range of colour- 
'idsion phenomena can be taken account of in a statement, preferably in 
mathematical terms, of the formal laws which regulate the phenomena ; and 
in ilie application of the strict logic of mathematical methods to the elucida¬ 
tion of their consequences. 

. This formal theory of colour vision is unique. There cannot be two 
such theories, for the field of inquiry is unique. As already remarked, its 
main groundwork, having become established fact, has ceased to be theoretical. 

9. Now, in the development of physical theory, in the absence of actual 
knowledge of the mechanism and its mode of action, it is often of advan¬ 
tage to postulate a mechanism for illustrative and even for deductive 
purposes. In this way it may be possible to discriminate amongst types 
of mechanism in regard to validity. This procedure was freely u!^ in the 
development of the theory of colour vision. Young postulated the existence 
of thTM sets of nerve fiores. He carefully stated that this view was the 
idmplest and might be adopted until direct evidence against it were found. 
That is to say, a triple set of fibres, communicating with three independent 
brain centres, is not of the essence of Young's theory. Its essence is tri¬ 
chromasy. 

Similarly, Helmholtz, in developing the specification of Young's 
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mechanism, introduced for the first time the idea that then^ may be three 
chemical substances present in the retinal mechanism, and that the nerye 
stimuli may be duo to their decomposition by the action of light, the 
difEorent substances responding most powerfully to light belonging to regions 
of respectively difiFcrent wave-lengths. The visual purple (rhodopsin) is 
known to be decomposed by the action of light and to perform an essential 
function in vision, though views difier in regard to the nature of the action* 
But no direct evidence as to the presence of the three substances has ever 
yet been found. And, in discussions regarding colour vision, this fact has 
been repeatedly spoken of as furnishing evidence agaixist the trichroxnatic 
theory, just as in the other case of the absence of evidence as to the exis¬ 
tence of three sets of fibres. 

In fact Helmholtz's photo-chemical h3rpothesis is frequently confounded 
with the trichromatic theory. Yet he most explicitly warned his readers 
that his postulate was introduced purely for illustrative piurposes and was 
in no way essential to that theory. Nevertheless, he us^ the illustration 
very searchingly in his discussion of dichromasy and colour abnormalities. 
He used it, indeed, to enable a non-mathematical mind to apprehend the 
meaning of the linear substitutions which the linearity of Newton's law 
of colour mixture made possible amongst sets of fundamentals. He also 
agreed with Young as to the non-essential nature of the postulate regarding 
three sets of nerve fibres. 

10. Any view put forward regarding the nature of the visual processes 
must take account of the fact of trichromasy before it can be regarded as 
complete. We cannot have a trichromatic physical theory and a non- 
tricl^omatic physiological theory. A non-trichromatic theoi^ may deal 
completely and weU with various visual and physiological conditions so long 
as the question of chromatic manifoldness does not arise. But, before it is 
entirely complete, it has to join hands with the established physical laws. 

It is quite a natural thing that investigators on the physiological side 
should deal only with the visual appearances and base their discus^ons and 
conclusions upon these. Yet choice in that way varies. 

Amongst all the theoretical views one alone stands out as being more 
fundamentally in opposition to the trichromatic view than all tlm rest. 
That is Bering's theory, which was originally advanced by him as a hexa- 
chromatic theory. But Helmholtz long ago showed that it is really trichro¬ 
matic only, the difierence between it and Young's theory being merely that, 
whereas in the latter positive stimuli alone are postulatod, in the former 
negative values also are assumed. That is to say, three variables only 
exist, though both sig^ are attachable to them. It seems that the consensus 
of ph3rsiological opinion is now strongly against the existence of thb type 
of action. 

The theory of Mrs. Ladd-Franklin asserts tetrachromatism correspond¬ 
ing to a postulated set of four decomposition products of a single photo¬ 
chemical substance which itself gives rise to the sensation of white. Its 
first two decomposition products give rise to the complements^ aensatioiis 
of yellow and blue. A further de^mposition of the yellow-exciting product 
gives rise to two products which excite the red and green sensations. Thxm 
the so-called red and green " physiological" fundamentals are taken as oom- 
pounding to yellow. The whole hypothesis is less simple than that of HeliO* 
holtz. It may correspond to actu^ty; but, if so, the observed Newtotxian- 
law trichromasy could only be esqpl^ed if there exists a linear cerebral 
connection amongst the four centres. It accounts for the presumable order 
of development of colour sensation from white; but so also can Helmhottac^s 
view: for, if there are three latent sets of cerebral connectors proceeding 
from the retina in the original white perceptive stage, a subsequent isola¬ 
tion of the blue connector alone would originate yellow-blue d|oluroiiiaS]r« 
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and a farther isolation of the red and green connectors would give trichromasy 
with no further postulate. 

Other physiologists discuss six'or more physiolo^cal ? fundamentals^ 
and do not take into consideration the three or more linear interconnections 
which must exist somewhere in order to give effectivo trichromasy such as 
is observed. Dr. Edridge-Green considers that a single impulse, dependent 
as to its nature on the wave-length, is propagated from any retinal centre, 
and that the brain responds similarly. There is nothing inconsistent with 
the phjmical theory in the assumption of a single nerve impulse proceeding 
from tne retinal centre. But in that case triplicity of analysis must 
provided at the cerebral centres. Dr. Edridge-Green recognises this, and 
so asserts that, whereas the brain responds to the whole gamut of wave¬ 
lengths, it is too defective to appreciate the distribution of energy in the 
speictrum except in so far as it is fixable by the values occurring at three 
suitably chosen wave-lengths. But this statement merely confesses ignor¬ 
ance as to the mechanism by which it is possible for the consciousness to 
lay hold upon the three suitable fundamentals. Whenever the mechanism 
can be described, should this view be otherwise correct, it will become the 
trichromatic theory. But many physiologists feel it to be inadequate. 

The situation with regard to other views is precisely similar. This is 
so even in the case of the quantum theory, recently put forward by Joly in 
a remarkable paper published in the Philosophical Magazine, which gives 
a possible explanation of the origin of the quantal nerve impulses now made 
evident by the physiologists. ^ also Houston's mathematical investiga¬ 
tion (illustrated experimentally by Barton's model) requires a mathematical 
continuation giving a formulation of the process of resolution into a variously 
selectable triple set of fundamental actions. 

The duplicity theory, as is well known, is in no way opposed to the 
trichromatic theory. It merely deals, in so far as its essence is concerned, 
wi^ observed difierencos in the mechanism at different parts of the retina. 
Recent work tends to show that the differences are quantitative only, and 
not really qualitative. 

XX. Experimentally, the present position is one of necessity for data 
enabling us to express the quantities a and in the Fechnerian expression 

s.teg'i-5 

£or the sensation arising in connection with the absolute fundamental of 
type a. Here a is the external equivalent of the self light, and x^ is the 
ooxxesponding threshold value. Three quantities of each kind have to be 
expressed as functions of very many variables—intensity and its duration, 
precedent illumination and its duration, their areal distributions, Inter- 
eonnecrions of effects, although the three final transformations into con¬ 
sciousness are independent, and so on. 

This actually existing great complexity of secondary variables has con¬ 
tributed to the tenure of the erroneous idea that three ultimate independent 
sensations are not, or even could not, be sufficient for colour vision. The 
solution of the difficulty is that the three fundamental colour variables are 
themselves functions of several physical and physiological variables. And 
rile future of colour-vision theory lies in the determination of the form and 
parameteie of these functions. Amongst recent work contributing to this 
exid, ibAt of Prof, Frank Allen is specially noteworthy, for it indicates with 
some certainty a type of action exhibited by the mechanism. 
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LXVHJBIJ8. By £. M. Cutting, M.A., being a review of linnmii (iftgr** 
wardf Earl von Unni: Tbe Story of hia Life. Adapted from the 
Swedish of Theodor Magnus Fries, Emeritus Professor of Botany in 
the University of Uppsala, and brought down to the present time in 
the light of recent research by Benjamin Daydon Jackson. [Pp. xiv X 
416, with 12 illustrations.] (London: H, F. & G. Witherby, 1923^ 
Price 25s. net.) 

Whatever may be the final judgment on the work of Linnaeus, there can 
be no doubt that his work has had an immense influence on the science 
of Botany. His name is commemorated not only in connection with his 
well-known system of classification, but also in the names of many Natural 
History Societies scattered over the civilised world. This volume is primarily 
the outcome of the work of Prof. T. M. Fries, who devoted thirty years 
of his life towards the pious task of collecting materials for his monumental 
life— Linni. These materials were gathered partly from manuscripts in 
the possession of the Linnean Society of London, a portion of the collec¬ 
tion bought by Sir £. Smith after the death of Linnaeus and of his son, 
and zealously guarded in the Society*8 rooms in London, and partly from 
" letters and documents dispersed over the whole learnt world." These 
were consulted with a view to correcting the many errors that had crept 
into the existing biographies. The present book is a translation and adapta¬ 
tion from the Swedish of Dr. Fries by Dr. Daydon Jackson. One can 
imagine no one better suited for the task, and, except that the work is too 
obviously derived from a foreign language, it must be regarded as a com¬ 
plete success. 

Linnjeus was bom on the 23rd of May,, 1707, the descendant of simple 
farmers and priests. His father's surname, we are interested to note, was 
derived from a famous lime-tree which was regarded with almost super¬ 
stitious veneration by the neighbours. Ill-fortune, it was thought, would 
surely befall those who removed even a twig from the tree, and if one of 
the three main branches died, the corresponding family would die out* 
Tiliander and Lindelius were tlxe names of the other two family branches, 
and their surnames ^Iso were taken from the sacred tree. &th of his 
parents showed a strong love of nature, and they awakened in the young 
Carl Linnaeus a similar love. They wished that he should become a ptiest, 
as his father was, and it was a severe disappointment to them to leam in 
1726, just before he loft school, that he was declared to be utterly deficient 
in the subjects indispensable for this career. Nor did they find any great 
pleasure in the expressed opinion at that time by a friend. Dr. Rorthman, 
that their son would become a famous doctor, as monetary dif&cultiei were 
in the way of this project. Dr. Rothman undertook to give him private 
lessons in ph^iolo^, etc., and studied with him Boerbaave's JnsiihtHoms 
Medica and Valentin's HUtovia Plantarum. In this way he was introduced 
indirectly to Tournefort's method of classifying plants. 

From school he went to the University of Lund, but the teaching wee 
on the decline and the greatest influence Iwe was not the acad e mic txiiintog 
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bat that a! Dr, Strobaeus, who, noting his diligence, offered him every facility 
lor stad3iing, and remained his friend afterwards when he removed, at Dr. 
Rothn^'s advice, to the University of Uppsala. The teaching and accom¬ 
modation had, however, greatly deteriorated since Dr. Rothman had been 
a student here twenty years before. The two chief professors under whom 
he studied were getting on in life and were unable, through pressure of 
affairs and for other reasons, to give the necessary courses of study. A 
now well-known paper of Linnaeus's upholding Vaillant's view on sex in 
plants attracted the attention of one of these and induced him to offer to 
Linnaeus his first appointment, that of instructor in Botany. 

His first lectures were a ^eat success. Modelled on the practice of the 
day, they consisted of descriptions of the virtues, medical and otherwise, 
of the plants selected for the discourse, with etymological remarks and 
anecdotes from classical authors. By the money raised from this post» 
from scholarships, and from coaching, he maintained himself at the Uni¬ 
versity and during this period undertook many journeys in Lapland, Dale- 
carlia, etc. These travels were in regions practically unknown scientifically^ 
and were more full of dangers and more difficult of accomplishment 
than we could imagine possible. On them very valuable collections and 
observations were made, and Linnaeus was prepared for the work which ho 
accomplished on his European tours. These travels, which lasted for three 
years, were begun on Wallerius being promoted to the post of Adjunct, so 
that Linnaeus had to give up his post as deputy to the Professor. It is 
thought that Rosen, who afterwards was his colleague at Uppsala and with 
whom he exchanged professorial chairs, brought about the promotion of 
Wallerius through jealousy, and Linnaeus himself seems to have been of 
this opinion. This charge is, however, quite clearly refuted in this volume. 
He left Sweden a comparatively untoown student; he returned a cele¬ 
brated and much-esteemed man of science. 

The universities of Sweden at this time did not grant a degree in the 
faculty of medicine, and one of Linnaeus's special objects in leaving home 
was to take his doctor's degree, the other l^ing the hope of finding pub¬ 
lishers for the many works he had written and had l^en unable to get 
printed in Sweden. After visiting Hamburg ho took up residence at 
Harderwijk, where he entered as a student of medicine. This imiversity 
was chosen partly because many Swedes had studied there and partly for 
economic reasons, for long residence was not required. He entered ais a 
student on the 7th of June, and on the 24th was presented with his degree. 
Thence he travelled to Leyden, making here the acquaintance of the well- 
known naturalist Gronovius, who, on seeing his Systema Natura, offered 
to publish it at his qwn expense. A common friend, Isaac Lawson, joined 
in the same request. The Joint offer Linnaeus accepted. He also gained a 
still mote eminent and influential friend in Hermam Boerhaave, the chief 
medical man in Europe at that time. Boerhaave offered to send Linnaeus 
to the Cape at his own expense to collect plants for two years for the Uni¬ 
versity G^en in Leyden, promising him the status and emoluments of a 
‘ProieBBOt on his return. This offer was refused. Olof Celsius suggested 
that Linnaeus should visit Dillenius in England instead. 

Before the visit to England he was introduced by Boerhaave to a rich 
and eccentric Englishman named Clifford, who had extensive gardens at 
Hartecamp, between Leyden and Haarlem. He acted for some time as 
CliffemPs physician and as the director of his gardens. 

During the writing of his Flora Lapponica and the G$n$ra PlarUarum, 
he acquh^ a strong desire to visit England and see the large museums 
and possibly find new plants for Clifford's garden. The latter readily mve 
consent, and in 1737 Linnaeus set sail for London. Here he and his views 
on clasrification were generally very well received. Dillenius and a few 
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otbfir botanists at first regarded them with suspicion and were inifidcai to 
them, but in time succumb^. After his return to Sweden he was appointed 
a Professor in the University of Uppsala. 

The artificial classification introduced by Linnaeus was superior to other 
systems in that it was caj^ble of being easily used and allowed of order 
where before chaos had reigned. His descriptive terms, which were verv 
accurately defined, his acute powers of observation, and his concise diagnosui 
had a very great educative vailue. The binomial system introduced ^ the 
Bauhins in their Pinax and put Into general use by Linnaeus also asmted 
in the advance of systematic botany. It is difficult to uphold the claim 
that he changed all branches of botany. In some branches of the subject 
the authority of his name upheld ideas that were incorrect; but it was the 
followers of Linnaeus who were to blame for this attitude. Linnaeus, as is 
well known, did not regard his Sexual System as an end, and before hia 
death was engaged on another system of classification which should consider 
natural affinities. Of this we have only the barest outlines, but, in spite 
of its publication, the older S3rstem was regarded by many botanists of the 
post-Linnean period as incapable of improvement. 

Linnaeus took a great interest in living plants, both in nature and in 
gardens, and in living animals as well. There is a legend that he first saw 
gorse in England at I^tney Heath and thanked God for its beauty. It seems 
that this must be abandoned, as he had seen the plant before in flower at 
Hamburg. 

He not only practised medicine, but with Rosen had charge of the com* 
plete medical faculty of the University and found time for coaching as 
well. 
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VMtor Analjnds. By C. Rcnob. Translated by H. Levy, M.A.. D.Sc. 
tPp. viii + 226, with 36 figures.] (London: Methuen Sc Co,, 2923. 
Price 9s. net.) 

Thb practice of translating foreign scientific textbooks, especially Gertnan 
ones, into English is becoming commoner. It is a concession to the curious 
dislikes which our scientists seem to have of reading books in languages other 
than their own. It is idle to pretend that they will be able to dispense 
with some knowledge at least of French, German, and Italian, but a trans¬ 
lation may save them trouble. Also presumably it is easier and better to 
translate a foreign book than to get a competent authority at home to 
spend valuable time in writing a new one. But, clearly, to be worth trans¬ 
lating a textbook ought to be not only the best available book on the sub¬ 
ject, but also very good indeed. Prof. Rungo's Vector Analysis does not 
seem to us quite to satisfy these requirements. It is an interesting treat¬ 
ment of vectors and tensors in throe dimensions, but it strikes one as being 
unnecessarily complicated and not well arranged. We have not been able 
to compare this version with the original (published in 1919)» but its pages, 
with their cumbersome asterisk notation for the system of vectors reciprocal 
to a given system of three independent vectors, do not look attractive. 
Great use is made of the vectorial area as the external product of two 
vectors, with its complement or representation, their vector product. The 
author himself says that the introduction of the idea of the complement 
of a vector is unnecessary and superfluous (p. 37); readers will agree 
with this verdict and wonder why he has thought fit thus to complicate a 
simple matter. 

An azmo3iing feature in the arrangement is in the illustrations from 
geometry and mathematical physics. They are introduced into the middle 
^ the theory in such a way that it is difficult to discover whether any 
result is a general theorem or merely a consequence of the application of the 
anah^ to a particular problem. 

The chapter on Tensors is well worth reading; the treatment is original 
and instructive, though here again simplification would, we think, have been 
possible and desirable. 

The work of proof-reading has been carelessly done. Misprints abound, 
and slovenly phrases, such as ** this is the limiting value to which^ (p.q)/At 
approaches as i limits to t** are too common. The diagrams, too, mig^t have 
mn clearer; it is rather confusing when one is told (p. 43) that a figure 
irepresents two skew lines, the one drawn heavier lying above the other,** 
not to be able to detect the slightest difierence between the two in the way 
of heaviness, F. P« W, 

Hie M if wi f nia of ChHifdliiate Geometry. Phrt II: Trilinear Co-ordinates, 
etc. By 8. L. Lobby, M.A« (Pp. viii + 228.] (London: Mac¬ 
millan ft Co., 1923. Price 6s,) 

PaoF, Lobby's elementary textbook on analytical geometry, published in 
1895, is a well-known and excellent introduction to the subject and is still 

843 
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widely used. He has uow written a sequel which will no doubt prove popular 
as a good elementary exposition of the old-fashioned kind, with numerous 
and well-chosen examples. Most of the matter, homographic ranges, triUnear 
co-ordinates, tangential co-ordinates, and so on, is of course to be foimd 
in Salmon; the last chapter, on invariants and covariants of systems of 
conics, contains, however, a good deal, both in the text and in the examples, 
which is not there. We are glad that Prof. Loney has included this chapter; 
the subject is too often omitted in elementary bc^ks. 

But the treatment is jold-faahioned. The whole point of homogeneous 
co-ordinates is to develop projective as distinct from metrical properties; the 
speciheation of the particular co-ordinates, trilincar or areal, is of secondarv 
importance, and formulse for lengths of perpendiculars and so on might well 
have been omitted. So, too, we could wish that the principle of duality 
had not been introduced as though it necessarily depended upon or had 
anything to do with reciprocation in regard to a conic. 


Elements of ttie Theory of Infinite Processes. By Lloyd L. Smail, Ph.D. 
[Pp. viii + 330.] (New York: McGraw-Hill Book Co., 1923. Rice 
17s. 6d. net.) 

This book collects into a small compass theorems on limits, infinite sequences, 
series, products, continued fractions, and determinants. The treatment is 
clear and, on the whole, good. The subject-matter is familiar enough; 
practically all of it, with the exception of the chapters on Dirichlet series, 
continued fractions and infinite determinants, is to be found in p^ter 
detail in such a book as Bromwich's Infinite Series, and the additional 
chapters are disappointing, being mainly summaries of results, the reader 
being referred elsewhere for proofs and details. 

We must say that the part dealing with the exponential theorem seems 
to us to be thoroughly unsound. The number e is defined in a perfectly 
correct manner, but then s* suddenly makes its appearance, for any re^ 
value of X, without any mention of the exponential series. Later (p, 157) 
the author says : '' For real values of x we shall assume that the junction 
s* has been defined as an exponential and its properties known,*' which 
apart from the doubtful grammar is mystifying enough. He then proceeds 
to show that 

+ ... 

by difierentiating the function £(x)/s*! 

This is a serious blemish on an otherwise valuable compilation. 

F. P. W. 


Prinoipes et Premier! IMveloiipeiiiiiiti de CMoiiidtrie Otedrele lynlliMiiie 
Hodeme. Par £milx Bally. [F^. viii-H 2x8.] (Paris: Gauthier- 
Villars et Cie., 1922. Price 20 to.) 

This book is dedicated ** aux amis de la Gtem6trie and is written by an 
amateur; the author has composed a general treatise on synthetic geonietry 
of any number of dimensions from its foundations which he hopes can tie 
read par toute peisonne intelligente, meme etrangdre aux math6matiques, 
exerc6e au raisonnement, et ayant le gofit des abstractions.** But the 
present cost of printing has prevented the publication of the complete work, 
and we are here only given a preUxninary chapter on arithmetic, chapter x 
and chapters 12-X4. On the whole, this is not very much to be regretted. 
The prefoce is dated from Martinique, and the author excuses himself from 
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riiriiil t^ferencM by explaining that the only works accessible to him have 
OStth Btrboiix's Cyclides, Dumont's Cubic Surfaces, Doporcq's little GSo- 
miirie modmte, and the Geometry fascicules of the French edition of the 
mathematical encyclopaedia—^a curious collection. 

the first chapter Ia3r8 down the propositions of incidence for linear con¬ 
structs of any number of dimensions—the author prefers to use the word 
** potynariU,*' a point having polynarit 6 one, a line two, and so on—^he 
deduces Desargues's theorem, states that Pappus's theorem must then be 
assumed, and proceeds to talk about projei^vities and coUineationa. It 
is all very difiicult reading and doesn't get anywhere in particular—^phrases 
like ** champs lin^res isopolynaires dualisimilidres " are common. 

The last three chapters are devoted to the Hexagrammum Mysiicum 
of Pascal, a configuration which has interested many geometers. The author 
probably enjoyed writing these chapters, but they are extremely compli¬ 
cated and there does not seem to be much justification for adding to the 
already abundant literature. (A summary of the results and the rektion 
of the configuration to simpler configurations in three and four dimensions 
is to be found in an appendix to the second volume of Baker's Principles 
of Geometry). The aut^r is bold enough to christen certain 45 points 
'^points de Bally (si toutefois ces 616 ments n'ont pas encore ^t6 jusqu'ici 
mentionn^s); " he has also 45 droites de Bally. But alas 1 they are nothing 
more than the Y points and y lines of Veronese (1877). Similarly, his fausses 
pascales^ faux hirkmanns, and points de Dipas are respectively Veronese’s 
(T lines, i points and £ points. 

M. &lly does, however (p. 154), point out an error in the Encyklopddie 
(German edn., Ill, 2, i, p. 40). It is not generally true that if a hexagon, 
taken in a given order, be both a Pascal and a Brianchon hexagon, then 
the three hexagons formed by taking two pairs of opposite sides and joining 
the free ends crosswise have the same property. Lurdth, from whom the 
theorem is derived, had taken a special case. P. P. W. 

Bioilllfheiiiatiei. By W. M. Feldman, M.D., B.S. With an Introduction 
by Sir William M, Bayliss, F.R.S. [Pp. xix -1- 398.] (London: 
Charles Grifiin & Co., 1923. Price 215. net.) 

Btnr I assert," wrote Kant, " that the claim of any particular branch of 
natural philosophy to be considered as a science, can be assessed only on the 
basis of the amount of mathematics employed in it." This is Dr. Feldman’s 
text» and he has provided a book which should be of great service to the non- 
mathematimd biologist. As Prof. Bayliss says in his Introduction, a 
time often comes in the biologist's career when he begins to realise the value 
of mathematical knowledge, only to find that he has forgotten most of what 
he learnt as a student; it is then that he should turn to Biomathematics, 
There are chapters dealing with elementary Algebra, Trigonometry, the 
Difierential and Integral Calculus, with Fourier's Theorem and Difierential 
Equations and Curve Fitting, and examples are given throughout of the 
application of these subjects to problems in Biology, Chemistry, etc. It is 
a pity, however, that, after laying stress on the absurdity of retaining more 
figures than are correct in numerical results, Dr. Feldman should have left 
a considerable number of errors in his own calculations. 

The &ial chapter, entitled " Biometrics," deals with the application of 
modem statistical methods to biology. The author does not claim to go far 
into the subject, but with the help of numerical illustrations shows the reader 
how, for example, he should test the significance of the difierence between 
two samples, or should form a correlation table. It must, however, be said 
in tdticiim that in a single chapter of fifty-six pag^s, it would bave been 
wiser lor Dr. Feldman to have dealt more fully with the elementary but 
fundamental ideas underlying the subject, and not to have attempted to 

4 * 
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consider such problems as the fitting of skew frequency corves or the test iott 
goodness of fit. He should rather have emphasised the danger of dxBMing 
conclusions from small samples, and the Wportance of considering the 
probable error of any calculated constant. It is, for instance, a serious fault 
that the data chosen to illustrate the handling of a conelation table contain 
only twenty-nine observations, and that no reference is made to the hig^ value 
of the probable error of the resulting correlation coefficient (about ± *07). 

At the end of the book are given four-figure Tables of Logarithms, of 
Natural Sines and Cosines^ and alim an abbreviated Table of the Probability 

G. S. Peassoh. 

ttiligw Otoftnaagne* Phr Robxrt d'Adhbmar. [Pp. xi -f 354.] (Paris: 

Gauthier-Villars et Cie, 1923. Price 26 frs.) 

This is an elementary treatise on statics and dynamics written for en^- 
neering students. The sco^ is not unlike that of the first 3^ar's course in 
mechanics done at our universities, or what the more advanced pupils do 
at our secondary schools. The treatment is, however, as difierent from 
that of our elementary textbooks as one acquainted with French writings 
can expect. The author seems to be in a particularly happy frame of mind, 
and even if on occasion one receives the impression that he is more con¬ 
cerned with his own enjoyment of his disquisition than with the question of 
how the readers are abrorbing it, one nevertheless cannot help admiring the 
luddity and freshness of the exposition. English textbooks teach, French 
textbooks inspire. Each category has the virtues and the vices of its par¬ 
ticular aim^ 80 that while English books are utilitarian and heavy, Firach 
books are interesting but heady. 

The pnwnt book contains a considerable number of examples; the 
average engineer will, however, be left gasping by them I S. B. 


CHittiig tai Boaring flight A Survey of Man's Endeavour to Fly by 
Natural Bfethods. By J. Bernard Weiss. With a Preface by 
C. G. Grey, and an Appendix by W. H. Sayers. [Pp. xx + 164.] 
(London: Sampson Low, Marston & Co., 1923. Price 55. net.) 

That scientific progress is of an osdUati^ character is well ill ustra te d 
by the histeny of the evolution of human flight. Imitation of birds was the 
first desire of human beings aspiring to fli^t. Sir George Cayley seems to 
have abandoned this in his belief ** that a suitable engine was a sim qua mm 
of future progress." Lilienthal set the fashion again in the direction of 
gliding rather than mechanical fii^t. The war led to a marvellous deve- 
lopment in what has been called " beetle " namely, one in which 

the wings sustain but do not propel, as opposed to bird flight in which the 
wings b^ sustain and propel. Post-war achievement in motorless fiis^ 
seems to have focussed attention on the possibilities of gliding tmh 
the inevitable consequence of enthusiastic advocacy and loss of sense of 
proportion. 

It must not be understood, however, that we charge Mr. Weiss with the 
fault just mentioned. His book is indeed a very aobic and helpful account 
of the progress of motorless flight, and its historical value cannot be chal¬ 
lenged. It is true that during the war, when actual flight had to be catered 
for under various and often difiicult conditions, we tended to forget the 
possibilities of gliding and soaring, and aviators conce n tr at ed all their efiorte 
on the production of aeroplanes regardless of cost and of optiiimm ooadf«- 
tiotts: and in this sense Mr. Weiss's book should be of value in bringing 
to our notice the steady progress in motodess fiJ^ due to the picMiia 
Ot the present and of pe^ generations. But we cannot acc^ the bbeeryd* 
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Haim timde by Mr, Grey without the proverbial grain of salt. We certainly 
admit the great value of gliding, both aerodynamically and meteorologically : 
we hail the wonderful ac&evemehts in Germany and in England as opening 
a new era in aeronautical evolution: but we claim that the aeroplane 
advance of the past ten years has not been so barren of scientific acHeve> 
ment as Mr. Grey implies. 

It is natural that Mr. Weiss should give some prominence to the work 
done by his father, J066 Weiss. His desire to distinguish between gliding 
and soaring in the sense of making the latter independent of upward wind 
is hardly helpful, and a corrective to this tendency is supplied in Mr. Sayers's 
appendix. The book is useful and interesting, and well illustrated by means 
of a number of photographs of gliders and glides. S. B. 

TbM Mathematloal Theory of Bdatiyity. By A. Kopff. Translated by 
H. Levy, M.A., F.R.S.E. [Pp. viii + 214.] (London: Methuen 
& Co., 1923. Price 85. fid. net.) 

It is probably a fact that on no scientific theory has so much been written 
in four years as on the theory of relativity since the announcement of the 
verification of the light-bending made at the total solar eclipse in May 
1919* Commendation and condemnation of the theory have followed one 
another in bewildering sequence, and even if we discard the journalistic 
type of article and opinions that are based on racial and nationalistic bias, 
we are still left with a vast array of articles, papers, and books on the 
subject of relativity and its implications. One is therefore disposed to 
regard a now book on the subject with some misgiving as to the exact niche 
that it can occupy in the rather crowded relativistic temple. The same 
applies to a translation, especially as there has been a glut in translations 
during the last few years. 

Prof. Kopfi’s book is a somewhat heavy but nevertheless interesting 
and sound account of the mathematical theory of relativity. The treatment 
is not essentially mathematical, but the necessary mathematical arguments 
are included, with an elementary account of tensors. There is nothing 
very startling in the book, which proceeds on the whole on orthodox ** 
Eixisteinian lines. The problem of rotation is touched upon, and what the 
engineer calls centrifugal forces are referred to the gravitational field of 
the totality of mass in the universe. WeyTs theory which establishes a 
connection between electricity and gravitation is omitted. 

A careful perusal of this book will give the mathematically equipped 
reader a good knowledge of the main features of the theory. Yet one or 
two points may be-mentioned here. A frankly mathematical discussion 
of the problem of the single gravitating centre, based upon the exact equa- 
tibns, is far easier to follow and to appreciate than the author's approxi¬ 
mate methods. Further, the author has a very irritating habit of proving 
some elementary steps in a mathematical argument, and then quoting some 
more dif&cult residts without proof: the result is to make the book less 
useful to mathematical readers without being more useful to general readers. 
Prof. KbpfE defines the special theory of relativity for " two systems of 
oo-ordiDatea moving relative to each other with uniform rectilinear speed " : 
it this quite justified ? Prof. Painlevfi objects to this view very forcibly in 
a recent book. 

Prof. Levy has done his task fairly well: we must nevertheless object 
to a sentence like this: ** An electron which at rest has the shape of a 
Sphere during uniform translatidn is fattened in the direction of motion.*' 
w better books sJresdv exist in the English language, but it is always 
interesting to see how sewntists in other countries deal with the great inter- 
Mtiottal movements in scientific thought. S, B. 
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Hit TheoTF of BolitMtsr. Three Lectures for Chemists by Erwik Freomzi- 
LicH. Translated by Henry L. Brosb, M.A.» with ah Introduction 
by Viscount Haldane. [Pp. xii+98.] (London: Methuen St 
Co, Price 5s. net.) 

So many books are now appearing with the object of instructing non¬ 
experts on the subject of Relativity as recently enunciated by Einstein 
and other distinguished mathematicians and ph3rsicist8 that we can do 
no more than mention some of them. A very distinguished mathematician 
told us the other day that lie had not yet even grasped Einstein." He 
was, of course, quite capable of doing so, but was so immersed in his 
own work that he had no time for the effort. Other people are in the 
same case; and though textbooks are many, readers are frequently few. 
Viscount Haldane commends this book very strongly in his ]^eface, and 
it is certainly very clearly written; but even in it we find technical mathe¬ 
matical terms which would perhaps befog some chemists, not to mention 
laymen. Dr. Erwin Freundlich's book is one of the clearest eimsitions 
for laymen (and scientists of one group of science are unfortunately nearly 
always laymen as regards other groups), but we are not certain that it is 
the last word in this line. After all, would not a sequence of simple pro¬ 
positions in the Euclidean manner be more illuminating, be^nning, say, 
with the old illustration of two boatmen rowing, one to a point across a 
river and another to a point at the same distance up the river ? In the 
present book this fundamental proposition does not occur until near the 
middle of the volume. The non-expert will learn most by comparing several 
similar works, including those by Einstein himself; but in any case he 
cannot hope to grasp the matter without a considerable amount of bard 
work—and thought. 

The same publishers have issued a second edition of The Foundations 
of Einstein*s Theory of Gravitation by the same authors (price 6s.), which 
was originally published at the Cambridge University Press in Z920. Con¬ 
siderable changes have been made, and this work is for much more advanced 
students than the dUe previously mentioned. Non-physical readers had 
better begin with the former. 

We doubt whether any recent works of this kind are so well done as 
The Rudiments of Relativity, by Dr. J. P. Dalton, Professor of Mathematics 
at Johannesburg, published in 1921 (and to be had from Wheldon and Wesley, 
28 Essex Street, Strand.) It is to be hoped that a new edition of thbse 
lectures will follow the recent verification of Einstein's Third Criterion. 


VSTSZOS 

fhe How Phyiiot: Leotiirai lor Xiismieii and Otben. By Arthur Haas. 
Translated by Robert W. Lawson. [Pp. xi 165, with diagrams.] 
(London: Methuen Sc Co. f^ice 65. net.) 

There is no doubt that this book is a delightful little work. It is written 
*' for laymen and others," but the professional scientist will find it by no nueans 
without charm. There is a certain relish in an occasional digestion of the 
fact that the mind of man is gradually, but none the less surely, acquiring a 
grip of the beautiful design of the tremendous universe in which he appears 
so much alone and insignificant. The book contains six lectures: (x) The 
Electromagnetic Theory of Light; (2) Molecular Statistics; (3) The l^ectron 
Theory; (4) The Quantum Theory; (5) The Theory of the Chemical Ele¬ 
ments ; (6) The Theory of Relativity and of Gravitation. None ef these is 
be3^d the comprehension of the intelligent laymen, except, perhaps, the 
most recent developments of the theory of relativity. 

Jn one or two plaoes there appears &e continental habit of forgetting little 
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noihts luLving bearing on the discovery of fundamental scientific laws. For 
{nstance, the author refers glibly to the Principle of the Conservation of 
Energy as Mayer's Law, not mentioning the fact that Joule was the first 
to make an accurate determination of the mechanical equivalent of heat, 
and that many other illustrious names—Colding, Clausius, Rankine, and 
Thomson—are all inseparably connected with the principle. Similar remarks 
might be made about Lavoisier's Law of the Conservation of Mass and about 
the Lorentz Contraction. The statement, too, that "crystals represent 
single giant molecules " is hardly correct. In some cases the identity of 
single chemical molecules is lost in ionisation, but in others the molecules 
exist and are capable of identification by means of X^^rays. 

At the end of the volume, in addition to the usual Subject Index, there 
is a very useful Historical Summary and Name Index. There is a misprint 
for " propagation *' on p. 72. W. T. A. 

Hodem Eleotrioal Xheory. Supplementary chapters, Chapter XVII. Ih# 

Stmotore of the Atom. By Norman Robsrt Camrbxxx, Sc.D. 

[Pp. X + 158.] (Cambridge: at the University Press. Price los. net.) 

In the supplementary chapter on Relativity of his Modem Electrical Theory 
Dr. Campbell gives us a very clear and precise exposition of the Principles of 
Relativity which should be especially appreciated by those to whom he 
addresses himself in particular, namely, experimental physicists. It is for 
this very reason that the methods employed in developing the new formulae 
may appear somewhat round-about and tedious to those accustomed to 
regard the matter from a purely theoretical standpoint. The meaning and 
range of application of the various principles are vtry clearly analysed and 
the common misconceptions and difficulties concerning them are traced to 
their origin, that origin being, in the majority of cases, the conception of 
simultaneity of events and the preconceived ideas which we have regarding 
time sequence. Emphasis is laid on the fact that Relativity does not attempt 
to explain phenomena in accordance with the usual interpretation of the 
term, but seeks rather to express the relations which must hold between 
the measurements made of some particular system by observers moving 
relatively to one another; the importance of relativity, the General Theory 
in particular, lies not so much in the results which it predicts—^these being 
mostly of the nature of extremely small corrections—but rather in the new 
ideas and conceptions which it introduces. In discussing the plausibility of 
these new conceptions. Dr. Campbell is careful to consider the matter from 
both points of view, and in this he certainly remains true to the promise which 
he makes in the Preface to refrain from being dogmatic. 

drawn betwe!^ the mathematici^ and the phys^st; there is no doubt that 
this distinction would be a hard-and-fast one if only one kind of math e matician 
existed, namely, the pure mathematician, and only one kind of physicist, the 
experimental ph3^ici8t* However, as in all classes of society, there are 
inmviduals in both these groups who take as much interest in other people's 
business as in their own, and it is perhaps just as well that they do, as otiber- 
wise there would be no general theory of relativity. That very useful in¬ 
dividual, the mathematical physicist, is ^t referred to, but surely it is he 
who is chiefiy responsible for the co-ordination of the two branches of study. 
His activities in relation to mathematics and phy^cs are analogous to those 
of the physical chemist in relation to physics wd chemistry. The pure 
mathemaucian may handle the problems of the physicist in a very callous 
and cold-blooded fashion in order to " get his numbers to argue about,'* as 
Dr. Campbell puts it, but H; is the mathematical physidst who looks after 
the tuterests of the physidst in this respect and gddee the iovestigatioa 
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along lines likely to lead to restdta useful to the experimental iiieesti|mtor. 
There can be little doubt that Einstein* Lorents* and others are distingmshed 
members of this latter class. Again* the purest of pure mathematidans is 
not in general devoid of all normal aspirations* on the contrary the most 
famous mathematicians have exhibited a broadness of outlook characteristic 
of greatness in all its forms ; surely they may be excused if occasionally they 
m^dle with the problems of the physicist; one can calculate the relation 
between surface tension and the pressure in a soap bubble without ever 
having seen one* nevertheless blowing bubbles is quite a fascinating pastime. 

Tl^ book is* like most works on the subject* divided into two parts* the 
first of which deals with the Special Theory. The fundamental expression 
of the Special Theory is taken as the invariance of the expression 

- W* 

lor observers moving relatively to one another in the x direction. It is shown 
that the invariance of the above expression leads to the principle of constant 
light velocity and to the other well-known results of the Special Theory. 

The application of the above to electromagnetism is then discussed ; it 
is rather surprising that no mention is made in this connection of the pioneer 
work of Lorentz. Following an account of the variation of mass with velocity 
and the relation between mass and energy is a brief account of Minkowski's 
contribution to the theory. This seems to lose considerably in clearness by 
compcmng the observations of observers of events other than the propagation 
of a light signal; the conception of a rotation of axes does not force itself 
upon one so much in the former case as in the latter. 

The second half of the book gives a very good account of the General 
Theory and its consequences. An unfortunate misprint occurs on p, 86 in 
the formula defining a covariant tensor. It is a pity that a mistake of this 
character should occur at such a critical juncture. Dr. Campbell does not 
agree with Einstein's prediction of a spectral shift* for reasons which he very 
clearly states. To sum up, the book gives a very good account of Relativity 
in as far as the non-mathematician is likely to understand it* and parts 
it are worth reading even for those conversant with the subject* on account 
of the novel form in which some of the problems are presented, 

J. W. F. 

A Treatise on the Analysis ol Speotra. By W. M. Hicxs* SeJD.* F.R.S. 
[Pp. 326* with 25 diagrams and an Appendix containing tables of 
data.] (Cambridge: The University Press, 1922. Price355.) 

In the whole domain of Physics* there is probably no more fascinating study 
than spectroscopy. On the one hand* it offers great opportunity to the 
experimental genius who can manipulate with exquisite skill the various 
forms of spectrometers* spectroscopes* and interferometers now procurable* 
or can design some new type of msrtument for observing and accurately 
placing lines and their comj^nents. On the other* it offers a wide field of 
investigation for those who are interested in discovering the relationships 
which exist between lines of the same series for one element or between the 
series spectra of different elements* or in unravelling the intricacies which 
surround the lines not yet brought under the sway of a series formula. More¬ 
over* it is almost a tridsm to say that* with all the keen interest displayed 
in many quarters at present on the problem of atomic structure* the study 
of spectra provides an ultimate test which any theory of the atom must 
pass if it is to survive as sound addition to the j^y of Theoretical Physics. 
The position of a line can now be measured with an accuracy superior to 
the degree of precision obtainable in observing any oriier phenomenal where 
the behaviour of an individual atom is oonoemed# 
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Thia treatiwi by Professor Hicks is based on an essay to which the Adams 
Prise was awarded in 1921. It is an attempt to present as a connected whole 
knowledge already obtained as to the relataonshipa between different spectra, 
and thus to provide an introduction to the subject for those who are desirous 
of entering on a study which, although not so fskinating as experimental work 
or the weaving of theories, is an indispensable prelimini^ to further progress. 
In this respect alone it is an invaluable work whose appearance renders a 
service to those entering on the study of the facts of sp^troscopy. 
IM. Hicks presents the data in a purely objective manner, without any 
preconceptions as to theoretical reasons for the production of spectra, and 
the scope of the treatise excludes not only the consideration of spectro* 
scopic technique, but also theories of spectroscopic elSects. Inde^, the 
effects product on spectral lines by change in physical conditions are only 
considered in so far as they are capable of throwing light on the immediate 
question of line relationships. This attitude of mind on the part of the 
author considerably restricts the discussion, but it has one inestimable ad¬ 
vantage : it enables him to perform the great service of presenting in a 
connected fashion just what has been accomplished by the computer in the 
orderly arrangement of series. Unfortunately, a perusal of works devoted 
solely to theories of atomic structure produces in the mind of the reader an 
impression of simplicity in line relationships, which should be dispelled as 
soon as possible. So complex are the relationships that their decipherment 
involves great patience and an extremely labonous disentanglement of a 
mass of details. Every spectroscopist will recognise the debt he owes to 
the author in presenting here the result of patient and complicated computa¬ 
tions. 

The volume is, of course, not merely a summary of spectroscopic facts. 
It is stamped with the individuality of the author, who, as is well know, 
has made contributions to the discussion of spectral series of a quite special 
character. Briefly his position is that series spectra do not follow a strict 
mathematical law. In this connection he has introduced the concept of 
the oun («v) of an element, which is closely connected with its atomic 
weight. Thus, not only does he attempt to show that the wave-number 
differences between the components of doublets and triplets can be expressed 
in terms of the ** oun ** of the element in question, but he also maintains 
that series lines in gencml deviate from a ** mean " formula and that the 
deviation can be expressed in terms of integral multiples of the " oun.** It 
should, however, be stated that some distinguished spectroscopists re^d 
Hicks’s procedure in this respect as somewhat arbitrary and doubt if there 
be any physical reality behind it; they suggest that still greater accuracy 
of obMrvation will be necessary before a dose test of his views becomes 
possible. No one, however, fails to recognise the enormous body of compu¬ 
tation involved in Hicks’s work; and it is certainly very necessary at present 
to boar in mind that formulae for series spectra may involve only mathematical 
convenience and that the physical facts may prove irreducible in terms of 
mathematical elegance. 

To €um up, this work is an indispeimble book in the library of everyone 
who wishes to know something more than the mere skeleton of what hai 
been done towards the orderly arrangement of lines in series. 

J. R. 


Vwr iMtaei on Reletfiity uA liiee. By Chaxlxs PtoTXDs Smwiixn, 

A.M., Ph.D. [Fp. x+xa6.] (London: McGraw-Hill Puiflishtog 
Co.» X933. Price Z 05 .) 

T^b problem of introdudng to the layman the new ideas and oonQe{itioiis 
underlying the theory of Relativity has been tackled by numerous Miters* 
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including Einstein himself, but in point of view of dear and bold esposltioa 
and consistency of treatment it is hard to find a parallel to the admirable 
little book by Steinmets. This book embodies a series of four lectures 
delivered by Steinmetz to a section of the American Institute of Electrical 
Engineers. This, however, need be no discouragenxent to the man in the 
street; Steinmetz addresses himself exclusively to the layman and, as he 
states in the preface, he makes no attempt at a rigid exposition, but seeks 
rather to illustrate his points by means of simple analogies and familiar 
examples. The justificatipn for this is obvious and needs no comment. 

The first lecture deals with the rudiments of the Special Theory and 
illustrates the relativity of all motion. The constancy of the velocity of 
light is taken as an axiom and the relative character of length and time 
measurements is deduced as a consequence of this, the usual hypothetical 
railway-train and billiard-table pla3dng an important rdle in these deduc¬ 
tions. Finally, the close correspondence between the effects of a gravi¬ 
tational field of force and the inertial forces due to acceleration is pointed 
out. The second lecture deals with the various consequences of the Special 
Theory, and, among other things, the wave theory of light is discussed and 
the ether h3q)othesi8 is rejected in favour of the conception of electro¬ 
magnetic field energy in space. It seems a little difficult, however, to find 
sufficient justification for this on the grounds put forward, namely, that 
the ether, if it existed, could not be both at rest and in motion with respect 
to the earth, or, in other words, that the phenomena of aberration and 
constancy of the velocity of light could not exist simultaneously. This 
argument might be sound enou^ according to the older ideas, but, as is 
well known, the transformation equations of the Special Theory would pre¬ 
dict both of these phenomena altogether irrespectively of any ether theory. 
The most convincing argument against an ether of material nature is to 1 ^ 
found in the discrepancies and difficulties which arise when one tries to 
reconcile the elastic properties of such a material ether with the electro¬ 
magnetic equations for optical media. The key to the mystery probably 
lies in the fact, as Steinmetz himself points out, that we have been attempt¬ 
ing to explain fundamental things in terms of complex ones, and so when 
we have reduced all phenomena to the geometrical characteristics of some 
generalised space, we may have reached the end of our tether, or, to use 
an example dted by Eddington, we may discover all the laws of a game 
of chess by close observation, but we shall be no nearer to finding out what 
the chessmen are made of. Lecture four, deals with the relativity concep¬ 
tion of the gravitational field, while the last and most significant chafers 
deal with the characteristics of the various kinds of space. An exceUent, 
and in many respects unique, account is given of the distinguishing features 
of Euclidean, Elliptic, and Hyperbolic Space, after reading which even the 
most lay of lay readers might be expected to come to the conclusion that 
there is perhaps something in all this after all. 

J. W, F. 

Kheoiia Pbiloeophte Vatnralis. By Boscovicb, 1763. Latin text with 
English translation by J. M. Child. [Pp. xviii + 463.] (Open 
Court Publishing Co., igzz. Price 3s.) 

To many students of mechanics the history of their subject is repfesented 
by a few important and outstanding works. The Principia of Newton marks 
the birth of modem dynamics, and a century later the works of Lagrange 
and Laplace present an elaboration of the Newtonian theory not essentially 
di^Ferent from tliat which is accepted to-day. The less well-known iatjsr- 
vening period was occupied by sharp controversy in which the Newtonian 
theory gradually gained ground against rival systems and established itself 
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in Bofopottn tbotight. Boioovich's Thsoria PhUosopkia NcUnroKs may nervt, 
perhaps better thw any other single work, to fill in this gap. It is of great 
value to have an English translation such as that which is now published. 

Although the work deals with many special problems, interest will con¬ 
centrate mainl y on its fundamental assumptions. Boscovich postulates 
primary elemnts of matter which are indivisible and non-extended points 
interspersed in a vacuum and floating in it. Between any two such points 
there is a definite interval which can be increased or diminished but can never 
vanish altogether. The motions of these points are determined by two 
principles; whether these depend upon an arbitrary law of the Supreme Archi¬ 
tect or upon the nature or attributes of the points, Boscovich does not seek 
to know. ]^ch point, if it exists by itself in nature, l^s an inherent propensity 
to remain in a state of rest or uniform motion in a straight line. Any two 
points of matter are subject to a determination to approach one another at 
some distances and to recede from one another at other distances. Thus the 
vites of Boscovich are accelerations rather than forces. The particles, since 
they have no size, have no mass in the Newtonian sense of quantity of matter. 
The actual motion of a given particle is found by rules which are equivalent 
to the composition of accelerations by the parallelogram law. 

Although Boscovich is careful to emphasise the difierences between his 
theory and that of Newton on the one hand, and that of Leibnitz on the other, 
it is clear that he is strongly under the influence of both. The identity of 
indiscernibles demands that the non-extended particles can never come into 
absolute contact. Hence, the law of gravitation must give place at small 
distances to a repulsion which increases indefinitely as the distance dimin¬ 
ishes. Ne^^n's forces of attraction, cohesion, and fermentation remain, 
but continuity dem^ds that they should be smoothed out and comprehended 
in a single law. This is taken to mean that the law of force must be expressible 
for all distances, by a single algebraic expression. From this it follows that 
oven for great distances the Newtonian law is only an approximation—a 
result of far-rewhing theoretical importance. 

The work (induing the figures) is beautifully printed, with the English 
translation facing the Latin text. There are unusually long lists of Corri¬ 
genda and Itoata, but these are evidence of a careful revision and are doubt¬ 
less due to difi&culties of access to the original text, as explained in the Preface. 
The interest of the work is increased by a reproduction of the title-page and 
the Printer's Preface from the Venetian edition of 1763, and by the inclusion 
of the author's Dedication, Preface, and detailed Synopsis from the Vienna 
edition of 1758. 

The book should find its place in every mathematical and philosophical 
library, and will prove full of interest to all those to whom mechanics means 
more than engineering. 

G. B. J. 


M mea t ny ninioil Ohgmietry. By W. H. Barrstt, m.a. [Pp. viii + 
247, wi^ 61 figures.] (London: Edward Arnold Sc Co. Ftioo 
6j. net.) 

Barrstt has been very successful in his presentation of Physical 
^mistry as a subject within the curriculum of a well-established school. 
The correct perspective of historical development has been well preserved, 
«md by an exclusive application of the kinetic hypothesis his explanations 
have been made extremely lucid. He is to bo congratulated upon his 
^loice of probleme for solution. These are of a practiou nature throughout, 
Rfid it could only be wished that he had included a larger number of these 
very importaiit aidf to the teaching and understanding of what can be 
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ttuMd easily into a purely abstract science. Experimental details are 
clearly and given, and the book should prove of considerable use from 
both the practical and the theoretical points of view. The inclusimi ol 
numerous references to original works is an innovation for this type of 
book, and should prove of considerable advantage to teachers. 

A. £. Mttcksll. 


Badioaotivity and the Latest Develcmments in the Study of ths Chemieil 
Elements. By K. Faj ams. Translated by T. S. Wheeler and W. G. 
King. [Pp. xiv + 138, with ix figures.] (London: Methuen A 
Co. Price 8s. 6d. net.) 

Many monographs and textbooks on the constitution of the atom have 
appeared during the last two or three years ; the most successful of these 
have been written by men who have themselves contributed largely to the 
experimental and theoretical work which they describe. The present work 
is one of the best examples of this class. 

The subject-matter of the book has been to some extent covered by Aston's 
Isotopes, Russell's Chemistry of the Radioactive Elements, Bom's Constitution 
of Matter, and other monographs. It is, however, valuable on account of 
the new angle from which the recent work has been viewed by the author. 
Written originally, in the first edition, from the point of view of natural radio¬ 
activity and isotopy, it has been necessary on account of recent developments 
to extend its purview to all investigations which throw light on the constitution 
of the nucleus. 

The radioactive transformations and the chemical properties of the 
radioactive elements have not been described at great length, for these have 
been dealt with in numerous publications. Attention is directed especially 
to the displacement laws of radioactive transformation, to the end products 
of the dissociation series, to isotopy of the ordinary elements, and to the 
artificial decomposition of atoms, and these phenomena discussed from the 
point of view of their bearing on the constitution and structure of atomic 
nuclei. A law of instability of the elements is now published for the first 
time, and a description follows of the chemical and physical properties of 
isotopes. 

The author proposes that the term " atomic weight," referring to mean 
atomic weight of the isotopes of the elements, should in future be replaced 
by " combining weight." While there is a good deal to be said in favour 
of this proposal, in view of the long standing of the term ** atomic weight" 
in chemistry, it is doubtful if this change in nomenclature will be acceptable 
to chemists. The German Commission on Atomic Weights designates the 
atomic weight of ordinary elements as " practical atomic weights." 

W. E. G. 


Pnuitlogl Phyiteil Oheiiiiitry. By Alexander Findlay; M.A., D.Sc* 
Fourth edition, revised and enlarged. xvi+298, with 1x7 

figures.} (lA>ndon: Longmans. Green A Co.. X923, Mce 7s. m. 
net.) 

The arrangement and subject-matter of Prof. Findlay's new edition is 
essentially the same as that of the last. Several notable additions have 
been made in the description of standard apparatus. Included in the 
optical instruments are the Abb6 Refractometer. in addition to the Pulfrick 
type, and the Hilger Wave-length Spectrometer (Constant Deviation type). 
The description of the Cottrell boiling-point apparatus is an important 
addition to the section on ebullioscopic methods. The modem tendency 
for the application of electromotive force measurements to analytical methods 
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hu boat! retponsibla for the introductioii of electrometric analysiB, inchidijiig 
hytbogetx ion determinations. A section on the measurement of oxidation 
Bid r^uction potentials is also included. A short chapter on experimental 
colloid chemistry is added, and although the number of exp^ments is 
comparatively small, these should serve as a very useful groundwork for a 
more advanced laboratory course in this section. Prof. Findlay's book can 
still claim to maintain its position as the best on practical physical chemistry* 

A. £. Mitchell. 


An Introdnotion to Theoretical and Applied Colloid Chemistry* ** The World 
of Neglected Dimensions. * * By Dr . W olfg ang Ostw ald. Translated 
by Dr. Martin H. Fischer. [Pp. xii -f 266, with 46 illustrations.] 
(New York: John Wiley & Sons, London: Chapman & Hall, 1922. 
nice 12s. 6d. net.) 

This book, now in its second American and eighth German edition, has been 
brought up to date by the addition of some thirty pages. The subject is 
presented in the form of five lectures, the hrst three of which are devoted 
to the fundamental properties of the colloidal state, the classification of 
colloids, and changes in the state of colloids; the scientific and industrial 
applica^ons of col&id chemistry are dealt with in the last two lectures. 

The clear and lucid method of presentation of the author is a source of 
great pleasure to the reader, which is enhanced at every turn by the discovery 
of phenomena which are rarely referred to in most textbooks on colloid 
chemistry. One may mention, as an example, the s3aieresis of colloids (p. 
98), which has hitherto received scant attention, in spite of its evident bearing 
on the problems of the rubber, collodion, and silica gel industries. 

It is one of the best surveys of the field of colloid chemistry and should 
be read, not only by students, but also by those industrial chemists who wish 
to learn in what manner this subject may bear on their industries. The 
carefully chosen experiments and examples will prove of great service to 
teachers of physical chemistry, and this book should be read by them in 
conjunction with the same author’s Small Practical Book on Colloid Chemistry, 
published in German by Theodor Stcinkopff, 1922, where the experiments 
illustrating the lectures are given in greater detail than was possible in the 
present work. 

W. E. G* 

A Matbod for the Uentifloetion of Pore Organic Compounds. By Samuel 
Parsons Mulliken, Ph.D. Vol. IV, impounds of Higher Orders. 
[Pp. vi + 238.]^ (New York: John Wiley Sc Sons; London: Chap¬ 
man A Hall, n.d. Price 305. net.) 

In this volume Professor Mulliken continues and as far as possible completes 
his system of anal3r&i8 for the commoner organic compounds. It contains 
the classified descriptions of some 3,700 of the more important compounds 
belonging to fourteen of the higher orders of his system, dealing with sub* 
stances containing the halogens and sulphur in addition to some or all of 
the elements carbon, hydrogen, oxygen, and nitrogen. The descriptions are 
given with the author’s well-known care, though in some cases a happier 
choice of derivatives might have been made; for example, 2 : 4*dinitroanuine 
cannot be prepared from 4-chloro-x : 3-dinitrobensene quite so easily as 
is indicated, and 2 : 4-dinitrodiphenylamine would have hsen a better deri¬ 
vative to describe; again, 6-chloro-2-nitrobenzald6hyde is menrioned as 
giving dicbloro-indigo with acetone and alkali, as this latter ip not easily 
uicimfied and as most substituted o-nitrobenzaldehydes give products of 
similar properties under such conditions it would have been better if a deriva^ 
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tive of definite melting-point such as the semicarbasone or oxime had been 
described. In other cases no derivatives are given, or if given their melting* 
points are omitted. There is no doubt that the value of the book would bs 
increased if more attention were paid to this question, as the most frequent 
difficulty in characterisation is the choice of the most suitable derivative to 
prepare. 

As it is, however, the book is a useful work of reference and a monument 
to the industry and patience of Prof. Mulliken and his associates. One 
cannot avoid wondering, ^however, whether the value of the result is com¬ 
mensurate with the toil involved. The systematising of qualitative organic 
analysis destroys its real value as a method of training students, since this 
value consists in the necessity for the exercise of common sense and a thorough 
knowledge of the simpler reactions of various types of organic compounds. 
Others, though they will refer to the book from time to time, are unlikely to 
devote the time necessary to master the method thoroughly since the identi¬ 
fication of an unknown organic compound is a problem which only occasionally 
presents itself. 


Chemical Technology and Analysis of Ofl Fats and Waxes. Vol. III. By J. 

Lewkowitsch, M.A., F.l.C. Sixth Edition, entirely revised by Gboroe 
H. Warburton. [Pp. viii -f- 508. with numerous illustrations and 
tables.] ( London : Macmillan & Co., 1923. Price 36s. not.) 

This volume completes the new edition of the late Dr. Lewkowitsch's standard 
work on this subject and deals with the technology of manufactured oils, 
fats, and waxes and the examination of the various products concerned. The 
revision in this volume has been more thorough than in that previously noticed 
and the various methods of analysis described are treated in a more critical 
manner ; in addition, the need of elimination of older work is less necessary 
than in the volume dealing with the more chemical aspect of the subject. 
This book has such an established reputation that it is obvious that everyone 
interested in the subject must have a copy at hand. 

O. L. B. 


Organic lynthesci. Vol. II. By Jambs B. Comant, Editor-In-Chief. 
[Pp. vi -f- 100.] (New York: John Wiley & Sons; London: Chap¬ 
man & Hall, 1922. Price 7s. 6 d. net.) 

Tkb second volume of this work maintains the high standard of the first. 
Methods, tested in such a way as to ensure that they are reliable, for the 
preparation of twenty-five more organic compounds are given with full 
details and notes. As many of these compounds are of use in research and 
are frequently difficult to obtain of a requisite degree of purity the impor¬ 
tance of this work is patent. The book is really a report of a scientific 
investigation of the methods of preparation of the compounds, carried out 
with g^at thoroughness. Though not designed for that purpose, it provides, 
in addition, an extension of the number of preparations which can be entrusted 
to students as exercises, providing a welcome variation from the stock experi¬ 
ments ; in this aspect the reliability of the methods described gives it an 
advantage over other books which not infrequently reproduce methods 
from the literature which even a skilled experimenter frequently finds difficult 
to carry out successfully. One must congratulate those concerned on their 
work and wish them every success. 


O. L. B, 



REVIEWS 657 

A Oonvfibmife fteatiie on Inortinlo tnd fhoorotioil Cbiiiiiitnr. By 

J. W. MoUor. D.Sc., Vol. IV. Ra and Ac families; B©; Mg; Zn ; 

Cd ; Hg, [Pp. X + 1074, witb diagrams and illustrations.] (London: 

Longmans, Green & Co., 1923. Price 63s. net.) 

In these days of " Outlines ** of this, that, and the other, it is a welcome 
change to receive the more solid food provided by Dr. Mellor, and one has 
looked forward to this volume with especial interest as it includes Radium, 
the problem of Radioactivity, the Structure of Matter, and the Architecture 
of the Atom. 

The first two hundred pages are devoted to the study of these highly 
important subjects, the remaining 870 odd pages covering the elements 
Beryllium, Magnesium, Zinc, Cadmium, and Mercury. So far as concerns 
the latter chapters, readers of the previous volumes of the Treatise will find 
the general treatment similar in all respects to that already adopted; the 
references are as complete as ever—those for Mercury itself, for instance, 
occupying no less than twelve pages of small t3rpe ! The descriptive portions 
are comprehensive and clear, though one could wish that the contractions 
such as soln., press., temp., aq., had not been used in the actual text. 

Regarding the first three chapters opinion will, no doubt, be divided. Dr. 
Mellor has made a laudable attempt to summarise the present state of our 
knowledge of radioactivity and atomic structure and has attained some 
measure of success. The chief fault to be found, however, is that the summary 
in inclined to be too uncritical, including, as it does on the one hand, refer¬ 
ences to quite trivial and ephemeral papers, and on the other hand allowing 
statements to pass that are occasionally quite inaccurate. Thus, on page 
X29, the well-known radioactive Displacement Law is given, in italics, in the 
original form suggested in 1913, which is recognised as being no longer an 
accurate statement of the facts of the case. 

Probably it would not be unfair to say that the theoretical portions of 
the book are less admirable than the purely descriptive parts, but in any 
case the wealth of material provided makes the volume, like its predecessors, 
an invaluable compendium of information upon Inorganic Chemistry. 

F. A. Mason, 


OBOLOOT] 

Pftrology for Students. Sixth Edition, revised. By A. Harkbr, M.A., LL.D., 
F.R.S. [ 1 ^. 302, with 100 figures.] (Cambridge: University Press, 
1923. Price 8s. 6 d. net.) 

The fact that a sixth revised edition of Harker's Petrology for Students has 
been called for is proof; if proof were needed, that the book adequately meets 
the needs of a large body of students. It is, however, misnamed, as it is 
really a *' Petrography for Students." It is almost entirely descriptive ; the 
inquiry into causes, or even methods, which we should expect in a " Petro¬ 
logy,'* is of the slightest. Not that the reviewer quarrels with the book on 
that account. Within its limits it is a long way the best book of its kind ; 
but, while not forgetting his Natural History of Igneous Rocks, which only 
covers part of the field, we wish that Dr. Marker, out of the fulness of his 
unrivalted knowledge of the subject, would give us the complementary 
" Petrology " on a similar scale. There is not much scope for criticism ih 
this edition, unless we comment on theoretical points of classification and 
nomenclature. Dr. Marker notes the artificiality of the present mode of 
distinction biriween diorite and gabbro on the basis of containing horn¬ 
blende or augite respectively; but he does not adopt any better way, as for 
example, basing the distinction on the nature of the plagioclase, or on the 
relative amounts of felsic and mafic minerals. Similarly, he rightly regards 
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the hypab3rseal group of igneous rocks as of a very artificial character. ^ The 
majority of these rocks should be associated in classification with their 
parent plutonic types, and the remainder with their respective volcanic 
representatives. There is an unnecessary duplication of nomenclature in 
retaining both the terms porphyry and porphyrite. All that is connoted by 
the latter term, and more, can be conveyed by prefixing the name of the 
parent plutonic rock to porphyry. Dr. Harker still uses the term grantUUic 
to express a characteristic texture of basalts in preference to the more suitable 
and less equivocal, ttTxnjintergranular proposed by Dr. J. W. Evans. 

The chapters on the sedimentary and metamorphic rocks still remain 
as the sole systematic statement in English of the microscopical characters 
of these rocks. Dr. Harker’s pen'drawings of thin rock sections are amongst 
the finest that we have seen. A few new ones have been added, and a few 
old ones withdrawn, for the present edition. We have discovered no mis¬ 
prints ; but “ Lamlash near Arran ** (p. 194) is rather an ambiguous place- 
name. 

G. W. T. 


An Introdnetton to Strattgraphy (British bles). By L. D. Stamp, B.A., 
D.Sc. [Pp. XV -f 368, with 84 figures.] (London : Thos. Murby A 
Co., 1923. Price 105. net.) 

This book introduces elementary British stratigraphy to students of geology 
along somewhat novel lines. The common method of presentation of this 
subject, with successions in unfamiliar regions, lithology and thicknesses 
of various groups of strata, and long lists of fossils, is compared with an 
obsolete method of teacliing geography by memorising lists of capes and 
rivers. Instead of this deadening routine the author begins his accounts of 
the various geological periods by an interesting statement of the geographic 
and climatic conditions which prevailed witMn the British region during 
the given period, and thereafter exhibits the stratigraphical facts as 
necessarily following from these conditions. We have no hesitation in 
commending this procedure as far more likely to interest the student at 
the outset of the work, and to get the facts into him almost painlessly. 
After all, the geological history of any region told by the stratigraphical 
and palaeontological facts is a fascinating story, which deserves to be pre¬ 
sented in an interesting way. 

In the following points the book is open to criticism, but they are merely 
spots on the sun of its general excellence. It is not necessary, for example, 
to correlate difierent kinds of petrographic provinces with Atlantic or Pacific 
types of coast-line (p. 10). It is unsafe now to refer to the Older Palaeoroic 
as Proterozoic (p. 27), when the latter term is so much used for a late division 
of the Pre-Cambrian. Although the above use of the term may have the 
priority it has not been generally adopted. The continued use of the term 
Lakes Rafter Sir A. Geikie) for the Old Red Sandstone basins of deposition, 
the sediments of which Dr. Stamp rightly regards as of mainly fiuviatile ori{^, 
is much to be deprecated. 

Dr. Stamp adopts the view that all the Lower Palaeozoic earth movements 
were merely preliminary to the great Caledonian orogenic climax at the end 
of Silurian time; further, that the movements continued dintinuendo during 
the Devonian. This is consonant with the latest views of Scandinavian 
geologists regarding the same series of events in their country. 

The Devonian and the Tertiary are treated with especial fulness and 
clarity, as would be expected from the author's record of research. 

Throughout the book the stratigraphical relations of igneous phenomena, 
no less than those of sediments andoarth movements, are admirabty displayed. 
Detailed matter suitable for advanced students is given in small t^. Tnet<e 
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ii an nnnittally full index. Finally we must make especial mention of the 
extraordinarily good and illuminating series of sections^ palaeogeographic 
maps* and dia^prams* which* as is stat^ in the Preface* are essential to the 
proper understanding of the text* 

G. W. T. 


WOTAMT 

A Bandbodc of the liarger British Fungi. By John Rausbottom* M.A* 
[Pp. iv -f 222* with 141 figures in the text.] (London: British 
Museum* 1923. Price 7s. 6 d. net.) 

Mb. Ramsbottom has not only provided a compact and handy guide to the 
genera and very many of the species of the larger British Ascomycetes and 
Basidiomycetes* but he has contrived* by the judicious use of small t3rpe* to 
compass within 222 pages a remarkable amount of miscellaneous information 
not usually found in systematic works. This not only adds materially to the 
value of the work for students* but results in a volume in which even the lay 
reader will find much to interest and not infrequently to amuse. 

Under Coprinus atramentatius we can find how to prepare ink from the 
deliquescent cap. Marasmius oreades, the Fairy-ring fungus* is not only 
described in company with some twelve other species of the genus* but the 
causes of fairy-ring formation are briefly indicated. The account of Armillaria 
meUea is the occasion for dealing with its destructive character as a parasite 
and its remarkable relation to the flowering of the Japanese orchid Gastrodia 
ihia, whilst the causes and control of dry rot are treated of in connection with 
MifuHus lachrymans. 

The work is based on W. G. Smith's guide to Sowerby's Models* and like 
the latter is intended primarily as a means of distinguishing the edible and 
poisonous species. Unlike some mycologists* whose taste in fungi is very 
catholic* the author would appear to have a discriminating palate which 
distinguishes between species which are edible and species which are gc^ 
to eat. Nothing would appear to be omitted in this connection to provide 
for those who should desire to enlarge their fungal diet. Adequate descrip¬ 
tions to recognise the species* how to prepare the more delectable kinds* 
the symptoms resulting from failures in the use of the botanical diagnoses 
and even the treatment to be adopted* are all enumerated. 

When we add that there is an illustration of one or other species for most 
of the genera cited* it will be realised that the work should prove of great 
utility to students* and the British Museum authorities are to be congratulated 
on pt^ucing so admirable a handbook at so reasonable a figure. 

£. J. Sausbcry. 


Botany: Priaoiploi and Problams. By Edmund W. Linnott* Professor 
of Botany* Connecticut Agricultural College. First Edition. [Pp, 
xix 4 - 3S5, with 240 figures and a frontispiece.] (New York and Lon¬ 
don : McGraw-Hill B^k Co. 1923. Price i6s. net.) 

This book is not written around any particular syllabus* but is intended as a 
presentation of the subject for the use of first-year undergraduates. The idea 
of the author* as he states it in his Foreword to the student* is to give not 
knowledge but understanding* and to foster the spirit of enquiry which is 
not only curious but is also critical. With this idea in view a very large 
number of ** questions lor thought and discussion " and Reference FYo- 
tdems ** are provided at the ends of the chapters. These are intended to help 
the individual student by stimulating thought and also for use in promoting 
cteasdiioussim. Quite a lair portion of the bookis given to short illustrated 
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historical surveys, and a large part is ccmcented with the stmeture of 
the higher plant especially in coxmection with function. There are specially 
good chap^xB on the soil and on the plant and its environment* while 
heredity and variation come in for a mudh fuller and interesting treatment 
than is customary in a book of this size A very general account is given of 
the lower ty^s, attention being specially directed to the parts they play in 
nature and ih human afiairs. The systematics of the Angiosperms is only 
very lightly touched on, a very short account of the most important orders 
being provided. 

This book is clearly printed, strongly bound, and illustrated with a large 
number of clear and well-selected line-drawings and well-thought-out diagrams 
as well as by a considerable number of interesting half-tone illustrations. Its 
general appearance in fact is such as should make an immediate appeal to 
the student. It is an interesting and stimulating volume. 

E. M. C. 


ItadieB in Plant Baipiratian and Photoismthasig. By H. K Spobhe and 

J. M. McGss. [Pp. 98.] (Publication No, 323 of the Carnegie 
Institution of Washington, Price $1.50.) 

lx has become increasingly clear that the problem of photo-synthesis is too 
complex to be explained except as a result of a more intensive study of the 
metabolism of chlorophyllous organs. This has been the object of the 
authors, and the above publication comprises the results of their investiga¬ 
tions during the years 1919-22. By means of carefully refined experimental 
methods, they have obtained some interesting results with regard to the 
carbohydrate-amino-acid relation in the respiration of leaves. In the dark 
the amino-acid content of leaves increases and this stimulates respiratory 
activity. They put forward the Ihteresting suggestion that this augmented 
respiratory activity is at least one impc^ant factor contributing to the 
increased rate of growth of plants during periods of darkness. 

The experiments on the relationship of photos^thetic and respiratory 
activities described in the later portion of this publication are rather incom¬ 
plete. It is stated, however, that they are being extended, and it seems 
likety that they will lead to important results. 

I^ere are a few printer's errors. Table 38 sliould obviously be in the 
place occupied by Table 37, and on p. 91 Table 33 should read Table 34. 
llie authors are to be congratulated on the ingenious apparatus and meth^ 
they have adopted. They have undoubt^y produced a valuable contribu¬ 
tion to the literature on the respiration of plants. 

Nigbl G, Ball. 


SOOSOOT 

An Introdnetion to Zoology^ throni^ Hatiire ftody. By Robalxb Lulsam, 

B.Sc. [Pp. xviii -f- 5x3, with 333 illustrations.] (London: Mac¬ 
millan St Co., X923. Price, los. net.) 

This book, now appearing in its second edition, is intended for pupils in 
secondary schools, students of training colleges and for the solitary worker. 
It covers the whole animal kingdom with the exception of vertebrates and 
a few rare and aberrant poups. 

Beginning with the Protozoa, the principal subdivisions of each phylum 
are described, most attention being given to external features and habits, 
which can be easily observed without elaborate equipment. Internal strue- 
ture is described where necessary fat the correct definition of a group« Eadb 
chapter concludes with guidance for the practical study of typee easily ob- 
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tmined In this country; it is intended that this should be worked through 
before the descriptive portion of each chapter is read« 

The book abounds in practical information as to how the various t3^s 
may be kept in captivity, which are the best species to obtain, and how they 
should be fed. 

The second edition has been enlarged by the introduction of fresh matter 
on Cephalopods and Hchinoderms, many new illustrations, and especially 
by the addition of appendices on the construction of a subterranium for keep¬ 
ing burrowing animals, a formicarium for ants, and how to make artihcial 
sea-water and keep it aerated in the aquarium. 

The book is thoroughly scientific and well adapted to the needs of those 
to whom it is addressed. We can join the writer of the Foreword in wishing 
the new edition the success it deserves. J. H. W. 


Game Birds and WM-Iowl of Great Britain and Ireland. By A. Thorbuhm, 
F.Z.S. [Pp. vii + 79, with 30 coloured plates.] (London : Longmans, 
Green & Co., 1923. Price ^5 5s. net.) 

Mr. Thorburn's latest contribution to British ornithology is a noteworthy 
one. Although the book in its general arrangement and appearance resembles 
its predecessors by the same author and publishers, it is larger in size, a 
fact of which the artist has taken full advantage. The plates, with two 
exceptions, differ from the ones with which one has become familiar in 'the 
earlier volumes in that they are complete pictures, and not just illustrations 
of birds, so many to a plate, arranged as best as circumstances would permit. 
Several species that may naturally be seen together simultaneously, are 
included here and there on a single plate. Many of the pictures figure but 
a single species, whilst in some cases more than one plate has been devoted 
to a single bird. This is no doubt owing to the fact that the scope of the book 
is limits to fifty-eight species, for the portrayal of which thirty plates have 
been available. 

The birds dealt with include all the British Game Birds and a small, and 
apparently arbitrary, selection of shore birds. It seems a pity that more 
of the latter could not have been included in view of the populanty of shore 
shooting. The title of the book is somewhat misleading in this respect, 
since the term' * wild-fowl is commonly used to include shore birds. " Game 
Birds and Wild-fowl" will probably convey the impression to most people 
that all waders are included. 

We notice the omission amongst the rarer game birds of four species 
and subspecies of geese, as well as Baer's Duck. 

Mr. Thorbum is particularly happy in painting game birds, and the 
^sent volume is probably the best of this fine series that has yet appeared. 
The well-chosen frontispiece, Plate 17, showing Mallards and Shovelers on 
the edge of a frozen lake, is particularly pleasing. Plates i, Capercaillie, 
and 2fi, Buffle-head, Hooded Merganser and Green-winged Teal, are probably 
two of the best of a very beautiful collection of pictures. For some reason 
the Pheasants (plates 7 and 8) are not as satisfying as the majority. 

The settings are in Thorbum's most characteristic and pleasing style. 
The little additions that add so much to the peculiar charm of his work have 
not been forgotten, a brilliant fungus here, a vivid Kingfisher there, or again, 
a pair of Bearded Tits in the ree<& over the head of some duck. 

The author has unfortunately followed the nomenclature of Howard 
Saunders's Manual, but the letterpress is better than that of the earlier works. 
Each plate is accompanied with a selection of well-chosen notes, some orig^l, 
many borrowed. We are glad to note the descriptions of plumages, 
the pen of an artist, and non-technical, they are of particular interest. 

W. R, 
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ladhui Bird Ufa. By M, R. N. Holmbr. lx -f zoo with one oolour^d 
plate.] (London: Oxford University Ptess^ 1923. Price 35. 6d* 
net.) 

This little book deals with the commoner birds to be found in Northern 
India. The authoress says of it '' But it isn't merely a book to read : it is 
a book to work with." Her method is to describe her birds briefly and 
colloquially, selecting only those species that are common or characteristio 
in the districts with which she deals; her aim, to give the novice, in every¬ 
day language, the rudiments of knowledge that will enable him later to study 
scientiflc ornithological works. To what extent the book will achieve its 
object it is difficult to say, for one gains the impression that the writer is 
unconsciously assuming a knowledge of British birds on the part of her 
readers which many will not possess. 

The birds referred to in the text are listed in an appendix with reference 
to " Fauna of British India." Ke5rs to the various orders touched upon, 
abstracted from the " Fauna," are also included as appendixes. 

The book no doubt Alls a gap in Indian bird literature. It is pleasantly 
written and easy to read. 

W. R. 


life : A Book lor Elementary Stndents. By Sir Arthur £. Sriplxy, G.B.E.« 
F.R.S. [Pp. xvi + 193, Index, and 71 illustrations.] (Cambridge: 
at the University Press, 1923. Price 65. net.) 

WHBN,a8 stated in the Preface, the University Press asked Sir Arthur Shipley 
to write a book that would make elementary students of biology think, thefr 
selection of an author was more than fully justified. It is no mere biological 
textbook that is before us, but one of the most charming books on science 
that have ever been written. To students of biology it will certainly give much 
food for thought, and moreover a deeper purpose in their reading and research. 
As the author states, he has aimed at emphasising the unity of life and the 
interrelation of living organisms with one another and with their surround¬ 
ings, and he has succeeded in giving a wonderfully clear and comprehensive 
view of world life as a whole, understandable even of those not well versed 
in biological science. Sir Arthur Shipley has a charming literary style, and 
there is every likelihood that the hope with which he closes his Preface will 
be fulfilled, namely, that the book will be of interest to the public that is 
not prepwng for examinations and thank heaven that public is still in the 
great majority. 

It is a book that should be read by every teacher, whether of the sciences 
or the humanities. To them all it cannot but make an irresistible ap^l, 
widen their outlook, and afiord a splendid example of scientific exposiuon, 

W« C« B. 


A Bfadofy ol fhe British Bbrntipters-Hsteroptsei. By Edward A. BtrttRR, 

B.A., B.Sc., F.E.S. r^. viii + 682, with 7 plates.] (London: 

H. F. A G. Witherby, 326 High Holbom, W.C. ftice £3 net.) 

Bugs— in the British, not the American sense—have not attracted the 
attention of many specialists. This may be partly due to the unpleasant 
associations inseparable from the very word, but is mainly because the 
members of the order live a singularly detached, retiring life. Insects in 
general play active and complicated f^rts in the cosmic scheme, fertilising 
nowers, scavenging, providing food for higher forms, and so on: mutuid 
adaptation of p^ and habits links manv orders with each other, with other 
classes of animals, and with the vegetable kingdom, so that a proper nnd«r« 
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ftanding of any group must involve some research into the forms and ways 
of other groups. 

The Hemiptera stand apart, living a monotonous self-contained existence. 
They are not attractive in appearance, have few striking structural features, 
and rarely become sufi&denUy prominent to demand attention from the 
economist, who devotes much time to locusts and aphides, because of their 
menace to human food. Except the abhorred Cimex kctularius, which can 
be conquered by the most elementary sanitation, and a few Capsids which 
have been found to damage fruit trees, bugs can scarcely be charged with 
doing man any injury. On the other hand, it would appear that the un¬ 
pleasant odours emitted by many species, render them distasteful, so that 
they do not form a very general pabulum of higher animals. 

Mr. Butler modestly disclaims any intention to supplant the standard 
work of Saunders on the British Hemiptera-Heteroptera, and by omitting 
descriptions of the imagines, ho has proved the bona hdes of his desire, merely 
to supplement that work by giving particulars of the earlier stages, and ampli¬ 
fying data regarding the life-cycle, habitat, and distribution. He has spared 
no pains to set down his own extensive field work, to gather together all the 
information scattered through the entomological publications of the last 
thirty years, and to arrange it in a readily accessible form. In addition to 
the descriptions of 462 species, there are well-arranged tables of seasonal 
and regional distribution, and a flora, giving the index numbers of the species 
associated with each plant. The arrangement of the work is admirable, and 
the chief object of a book of this kind—easy reference—^is excellently achieved. 

Mr. Butler has an easy and lucid style, and states his facts in an interesting 
manner without obscurity. To the collection of facts, he appears to confine 
himself, and he makes no attempt to theorise or generalise upon them. This 
is a little unusual, and we should have thought the temptation hard to resist. 
Why, for instance, do Cytisus, Ononis, Tanacetum, Erica, and Urtica, harbour 
many species of bug, while not one has so far been discovered on an orchid ? 

H. M. 

Brftifb ByrnonoptenL By A. S. Buckrurst, A.K.C.S., D.LC., L. N. Stamx- 
LAND, A.R.C.S., D.I.C., and E. B. Watson, A.R.C.S., D.I,C. With 
an Introduction by H. M. Lbfroy, M.A., Professor of Entomology at 
the Imperial College of Science, London, [Pp. 48, with 8 plates.] 
(London: Edward Arnold & Co., 43 Maddox Street, W.i. Price 
95. net.) 

Even in these da3rs of tabloid literature, it seems a tall order to dispose of 
such a varied collection of insects as the four thousand British H3rmenoptexm 
in eij^t thousand words I 

With the benediction of Prof. Lefroy. this trio of authors declares 
that the book ** Is intended to be a help to those who desire to commence 
the study of a large and much neglected group of insects. . . , Technical 
terms have . . . been avoided; where these are necessary they have been 
carefully explained.** One wonders what the ixmocent reader will make of 
such words as ** vestigial,** ** styliform,*' ** chitinised,*' and ** phytophagous,** 
all of whidi are used without explanation. 

If riie book is intended to introduce the reader who has some general 
knowledge of entomology, to the special group, it seems strange that mors 
stress is not laid on the fundamental characters of the Hymenoptera. The 
wings ate dismissed in a few words, which do not even refer to the interlocking 
in m^t by means of hooks. If the authors were really limited to eig^t 
thousand words, they would have every justification for the excuse made 
in the preface that *' the subject-matter devoted to each family is necessarily 
brief,but this scarcely wairanta its being inaccurate. The two paragraphs 
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devotod to the hive bee contain serious mistakes, the worst of which is that 
after the swarming, '* the young queens strive for the mastery of the nest; 
the victor, having killed ojff her rivals, leaves the nest on her nuptial flight/' 
Every beekeeper knows that virgin queens live together in harmony, and it 
is not till one has mated that she destro)^ her sisters. It is also incorrect to 
say that bees aflected by Tarsonemus die in the hive, for the most conspicuous 
feature of this complaint is the issue of the aflected, crawling bees from the 
hive, to perish in vain attempts to fly. 

Ihe plates are well produced, and the selection of species for illustration 
does much to atone for the deflciencies of the text. On the last plate a beetle 
is put under the heading'' Diptera " and a fly under Coleoptera." It seems 
a pity that the diagram of a l^'s hind leg on p. 38 should be upside-down* 

H. M* 

Bnttarfly Iiore. By H. Eltringram, M.A., D.Sc., F.E.S., F.Z.S. [P. 180, 
with one plate and 52 figures.] (London: Oxford University Press, 
X923. Price 4s. 6<f. net.) 

Writers of popular books about butterflies have, hitherto, scarcely attempted 
to take their readers below the skin-deep beauty of the insects* lovely wings. 
Perhaps they feared to destroy popular interest by the multiplication of 
technical terms and descriptions which require close application to follow. 
They skimmed lightly over details of structure and habit, sketched the early 
stages of the life-history faintly, and saved their best cflorts for the patterns 
and colours of the wings. 

Dr. Eltringham's book is a bold departure from this tradition. One is 
struck by the fact that it would scarcely be possible to identify any of the 
butterflies to which he refers, for his descriptions arc only intended to draw 
attention to some aspect of butterfly life and its relation to general biological 
problems. 

It is a fascinating little book, summarising, in plain language, the vast 
store of knowledge accumulated by entomologists during the post-Darwinian 
period. Many who have been interested in butterflies for years will be 
introduced for the first time to facts concerning the senses and structure. 
The extrfiwrdinary association of the “ Blue " butterflies with ants is here 
sot forth in popular form as a connected story, and the wonders of mimicry 
and pol3rmorplusm, perhaps the most fascinating side of butterfly study, are 
treated of clearly and with many examples which will be new to most of 
those for whom the book is intended. 

Dr, Eltringham's extensive field work, at home and abroad, and his 
standing as one of the secretaries of the Entomological Society, are sufficient 
gua^tees of the scrupulous accuracy of every detail in this most welcome 

H. M. 

Th9 Fmmdm of Ooeanogranhy aafl tbdr Work: An Introdnetlon to the 
Sdenoe of the Sea. By Sir William A. Herdmar, C.B.E., F.R.S., 
D.Sc. [Pp. 340 4- xii, with 28 plates.] (London: Edward Arnold 
& Co., 1923. Price 215 . net.) 

The modem science of oceanography began with the three years' voyage of 
the Challenger in 1872-6. This was a landmark, not only in the history of 
marine investigation, but also in the history of British science. A little 
group of scientific men were able to persuade the Government of the time 
to send out a big ship, with a highly efficient naval and civilian crew, lor a 
long voyage of circumnavigation. Then they induced our permanent officials 
to set up an office for the working-out of the collections and data, and in a 
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relatively short time they published fifty big quarto volumes of seports, 
a fair number of which were pesented to the University libraries. Nowadays 
government departments (with the exteption of those of the Irish F^e State) 
no longer present libraries with their scientific reports, and the impulse 
towards economy went so far, about the end of the war, as to suggest to the 
Treasury ofiEicers that the remaining volumes of the ChaHenger Report should 
be ''pulped.'* Fortunately this characteristic proposal was made public 
and the stupidity was averted. 

No oceanographical expedition on the scale of the Challenger one has 
since been made, either in this country or abroad, but the study of the sea 
has, nevertheless, been developed to a remarkable degree. This has resulted, 
on the marine biological side, from the establishment of the laboratories 
at Naples, Fl3rmouth, Monaco, and elsewhere. Several expeditions, dealing 
pi^dominantly with marine biology (those of the German Valdivia^ the Dutch 
Sihoga, the Norwegian Michael Sars, the various Antarctic expe^tions and 
others), have added largely to our Imowledge of the species of animals and 
plants inhabiting the great oceans. Hydrography, in the older sense—^that 
is, the knowledge of the depths of the deep oceans and shallow seas and also 
of the surface currents—has been studied, from the point of view of practical 
navigation, by the various Admiralty departments, and oceanic meteorology 
has been investigated in the same way. The investigation of the tides 
practically began about the middle of the nineteenth century. Earlier than 
that, tide-tables were constructed empirically by secret methods and pro¬ 
prietary almanacs were published. The mathematicians, Whewell, Lubbock, 
and George Darwin, in this country, discovered how to make much better 
tables. I^ny workers studied the dynamical theory, and Harris, in America, 
and then the investigators at the Liverpool Tidal Institute, made a new start. 
The invention, by Lord Kelvin, of the tidal-predicting machine, the develop* 
ment of the method of harmonic analysis by Darwin, and the Liverpool 
work of the last ten years are the landmarks in this department of oceano¬ 
graphy. 

A very important advance in organisation was made early in the twentieth 
century when the International G^uncil for the Exploration of the Sea was 
established by the principal European Governments. This meant systemaric, 
routine biological and p%sical investigation of the North Atlantic tributary 
seas by about half a dozen exploring vessels. Primarily the object of the 
work was an economic one—^research into the marine conditions affecting 
the climate of north-west Europe and the study of the sea-fisheries. Much 
that will ultimately be of assistance in weather forecasting has ateady been 
discovered, and results of some interest in connection with practical iuhery 
administration have been obtained. Still the effect of the intemationiu 
investigations is predominantly purely scientific, and its greatest value will 
doubtless be the invention and development of new and very beautiful 
apparatus and methods of marine physical and biological research. The 
organisation has survived the war, though grievously weakened by the non- 
indusion of the German oceanographers. 

To a large degree the purely descriptive part of oceanographical research 
is within sight of completion : hydrography, in the older sense, has been very 
well done, and marine biolo^, though far from complete, is represented by 
an overwhelming mass of data. Future research will be largely physico- 
mathematical (tides and currents and winds and their causes), or phyi^^gioal 
(the study of the physico-chemical conditions of life in the sea). Friun the 
^ point of view of geophysics nearly everything has to be done, for them is as 
yet no marine counterpart to what is now known as geomorphology. The 
development of oceanography on this side awaits an etiormous advance in 
our knowledge of the nature of the oceanic floors and their depoeits. Ptogresa 
in this direction will probably be most rapid in relation to the fine research 
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wlilch has now been etarted by the Americans In the Pacific Ocean, With 
respect to purely laboratory and mathematical work» the science is well 
developed, but on the observational side it is very poorly equipped. The 
8ea«*going work is at the present time largely fishery investigation, and, as 
sudh, it is restricted in scope and methods to a degree that is i^tating in the 
extreme to the oceanographers. The work is very costly, and unul some 
shipowners of vision come to its assistance it must depend on government 
departments and remain limited in its outlook and restricted as to its 
methods. 

The book now under notice treats mainly of the modem development 
of the science on its marine biological side. That development is so recent 
as to be within one man's lifetime. The author has, himself, been a marine 
biologist and oceanographer, and has had opportunities of seeing the labora^ 
tories and institutes of both hemispheres. He has had the great privilege of 
acquaintance with the founders of the science, and a charm of intimacy will 
be found in the earlier chapters, making the book a rather unusual one. This 
personal knowledge of such men as Sir Wyville Thomson, Sir John Murray, 
the Prince of Monaco, Alexander Agassiz, and others makes the book one of 
great delight for the general lover of science. The interest, and even romance, 
that is associated with the great voyages of exploration has been related by 
Sir William Herdman in a way that is really very attractive. The book is 
handsomely got up and well illustrated. It may be recommended very 
sincerely to the general reader, the amateur biologists, and the geographers, 
as well as to students of oceanographical science. 


Anhnal Lili In Deserts. By P. A. Bitxton, M.A. [Pp. xv -f 176, with 43 
illustrations.] (London: Edward Arnold A Co. Price zos. 6 d, net.) 

Thx adaptation of living creatmes to their environment is one of the most 
fascinating of biological studies and of unfailing interest to all naturalists^ 
No one, whether he is interested in nature or not, who has travelled in a 
desert can fail to be struck by the scarcity of the flora and fauna of such a 
region. The less casual observer, however, will be agreeably surprised at 
the comparatively large number of species of birds, beasts, and plants which 
inhabit the earth, pairicularly in the rainy season. 

Bir. Buxton does well to start ofi with bis definition of a desert, which ha 
describes as ** a place in which the climate is hostile to animals and plants, in 
vdiich normal agriculture is impossible, and in which nearl;^ all the existent 
forms of animal and plant life are modified to endure life in their peculiar 
environment/* In other words, a desert might be described as a region in 
which human life is insupportable and animal and plant life have a hs^d and 
perpetual struggle for the continuation of their species. 

After considering the climatic influences, such as rainfall, variations 
temperature, wind, and sunlight, which affect animal and plant life in desertSi 
the author goes on to give a d^cription cd the floral environment, animals, 
and the physical environment, and concludes with a long chapttf on the 
colours of desert animals. 

He divides riie desert flora into three groups, namely, the arnmals pro¬ 
pagated by seed, which are short-lived and grow rampantly after the nans; 
secondly, the perennial plants which grow from bulbs, conns, tubesrs, or 
fleshy roots ; and, thirdly, the perennial forms which are so specialised that 
they can exist all the year round above ground more or less in their green 
state with or without leaves. The desert flora is usually quite characteristic 
--cacti in the New World replaced by euphorbias in the Old World are the 
most conspicuous, while a large proportion of the planta possess fleshy atid 
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To the traveller, however, the most striking characteristic of 
the boshes and trees is their thomlnets—a feature doubtless originating as 
a form of protection against herbivorous animals, although at ^ present 
time such animals as camels, goats, and certain browsing antelopes have 
adapted their labial and buccal mucous membranes to negotiate all but the 
veiy stoutest. 

The phenomena of aestivation and hibernation probably depend on the 
spreat question of food-supply. The bear in Canada hibernates when food 
u scarce—the rivers being frozen and the roots and berries buried deep in 
snow. iBstivation likewise among insects and certain lesser mammals is 
due to the paucity of food during the season when certain plants on which 
they depend for sustenance are resting. 

As regards the question whether mammals, large and small, are capable 
of existing without water for long periods, this has been proved over and over 
again by many naturalists and careful observers in Africa. The reviewer 
many years ago transported a number of young gazelles {G, pehelni) from 
the mainland to a small waterless island where rain frequently did not fall for 
a year or more, and where the flora numbered less than a score of spedea 
most of which were of a salsolaceous variety, and some of these gazelles were 
alive and very flt several years later when last seen. It is well known that 
some of the Dik-diks (genera Madoqua and Rhyncotragus) depend entirely 
on the green herbage and the dew for the little moisture they require. The 
various species of desert hares (Lepus), dassies (Procavia), and rodents belong- 
ing to th^ genera Xerus, Jaculus, Gerbillus, etc., appear to be able to exist 
and i^ve for very long periods in localities where rain seldom falls, such as 
the ^d &a littoral and the shores around the Gulf of Aden. 

On p. Z04 Mr. Buxton speaks of the little owl as living in and being depend¬ 
ent on caves, but as a matter of fact this delightful species has little difficulty 
in finding a suitable hole for resting during the heat of the day and for nesting 
purposes in such places as the old dried and hardened stumps of the desert 
ftcsdas and the numerous white anthills which dot the landscape in so many 
places. Its plaintive me-eu ** is frequently the only sound that breaks tbe 
silence of the bush at sundown. In these same anthills, throughout the 
numerous tunnels and compartments with an occasional hole leading to the 
exterior, is often found a strange collection of lodgers. In them the little owl, 
the common sparrow, the roller, babblers, and other birds are frequently 
found nesting, while lizards, dormice, and spiny mice are quite commonly 
found as inmates. 

In his fin al copter on the colours of desert animals Mr. Buxton will not 
accept the theory that the colours have been evolved for protective purposes, 
although he himself, as others before him, have been struck by the prevalent 
grey, buffi white, and sandy colours. He thinks that ** the explanation will 
eventually be found in studying the effects of physical conditioxis upon the 
^nlniAi Uie/' One strong point in favour of the protective coloration theo^ 
is not sufficiently stressed by the author, and that is the undoubted benem 
derived by the tnxds that nest on the ground from dull and sombre coloration. 
Such spades as the desert and crested larks, nightjars, coursers, and sand- 
grouse will let one almost tread on them before running away from their nests 
or taking to flight. It is during the nesting season that the various species 
lequlre protectira and axe most anxious to avoid molestation, and this end 
is undoubtedly attained by their unobtrusive, unattraotive, and ground-Uks 
coloration. 

Ifir. Buxton is to be congratulated on having broken new gronnd hr oolieet. 
Inc the data and reviewing from all aspects the vicissitudes of want and 
life in deserts. The photograidis and the line^bawinga tiwoh iUns. 
Hate the text throughout ate exoeUent. 

R. E. DcAxa-BnocniaM. 



668 SCIENCE PROGRESS 

hmm Mm OiMt Onlvlaod to Mm Oobso. By T. Alsxamdsk BAmm, 

F.R.G., F.E.S. [Pp. 276, with 83 illustrations and a OMpsj 

(London: Ernest Benn, Ltd. Price 25s. net.) 

In this new volume Mr. Bams has given ns a sequel to The Wonderkmi af 
the Eastern CongOt and as he explains in his preface the journey was under¬ 
taken primarily in quest of a gorgeous butterfly which he had himself seeu 
in the Congo forests. Prof. Gregory, of Glas^w University, one of the 
greatest authorities on African geology, has written a learned introduction 
on the great craters and the great rift valley which he himself visited many 
jrears ago and thus named. Mr. Bams puts in a plea for the preservation 
of the wonderful fauna of the regions he visited, and makes the wise sug¬ 
gestion that the Ngorongoro crater with its well-marked and distinctive 
boundaries should be turned into a game sanctuary. There seem to be 
no administrative reasons whatever against this, and it appears to be none 
too early to bring this suggestion to the notice of the proper authorities 
so that action may be taken without delay, as there seems to be a steady 
stream of sportsmen yearly visiting these little-known regions. Not that 
they can do very much harm at present, but as their numbers increase, 
so will the game get wilder and wilder. In any case, whether this particular 
spot is added to the existing Game Reserves or not, it is hoped that the 
torn of the late German owner, Herr Siedentopf, will not be sold to anyone 
nor any part of the crater leased. The only way to prevent this is to pro¬ 
claim it a Game Reserve. 

The flrst four chapters give a most interesting description of the crater 
country, and particularly of the Ngorongoro and its flora and fauna. Mr. 
and hto. Bams then part from Sir Charles Ross and his party and make 
their way to the Congo. After reaching the nearest station on the Dar- 
es-Salaam—Kigoma railway, they entrain for Kigoma and reach it the 
following mon&g. From here by steamer and rail they pass through the 
Belgian Congo to Stanleyville. 

From St^eyviUe the author, with the added burden of a severe attack 
of sciatica, had to undertake a long and wearisome march of twenty days 
to Bafwasendi in the heart of the Ituri Forest, which he had decided to 
make his headquarters, while he and his trained and untrained native 
assistants hunt^ the elusive and magnificent papilio, which was the main 
object of his journey. The author gives an amusing description of his 
experiences while collecting in this unhealthy region, where he stayed some 
months. After leaving the Ituri Forest, he and his >^e travelled south and 
revisited Lake Kivu, the home of Beringe's gorilla and the Kivu chimpansi. 
The chapter on these great apes is of very great interest and value, as it 
adds greatly to our very meagre knowledge of the habits of these fine beasts. 
After leaving the country around Lake Kivu, the author proceeds along 
Tanganpka, thence across the Mweru Plateau to himt elephant in the 
Luvua Valley. 

All Fellows of the Society for the Preservation of the Fauna of the 'Em* 
pile will be glad to hear that the author wishes to ** ermlode one fallacy 
by telling us that ** there is no immediate possibility of the African elephant 
being exterminated. On the contrary, their numbers have increased pro¬ 
digiously of late years. . , « The close preservation of these animals which 
has taken place throughout the Continent has had its effect." This is very 
welcome news, coming as it does from such an exceDent authority, but tne 
reviewer can state from personal experience that huge herds that once 
roamed wild, uninhabited, and waterless regions, where they were neither 
harmful nor dangerous, have long ceased to exist because they were un¬ 
protected by Game Laws. The author has no belief in elephant cemeteries: 
he suggests, as is doubtless the case, that they are probably the sites of sonie 
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old dtf pools' in the desert to which these greet pach^erms have retired^ 
v^hen si<^ or wounded, for a drink, .and have died there. Not the least 
interesting part of this most fascinating book is the description of the train¬ 
ing of the African elephant at Api by the Belgians. All animal lovers will 
wish them increasing success in their enterprise. 

The photographs which adorn this volume are, as one would expect 
after seeing Mr. Bams’s last volume, excellent, while the two maps at the 
end of the book add greatly to its >^ue. 

R. E. Drakb-Brocxham. 


AITTXBOVOLOOT 

She Home of the Indo-Enropeans. By Harold H. Bbndbr. [^. $ g , 
with 5 illustrations and 2 ma^.] (London: Oxford University 
Press, 1922. Price 45. 6 d. net.) 

Thx author of this pamphlet is Professor of Indo-Germanic Philology in 
Princeton University, and he deals with the Aryan Question almost eii^u- 
sively from the linguistic point of view. The essay being so brief and the 
subject so large, the author's ar^mcnts can hardly be anything but sketchy, 
but his remarks on the philological evidence appear in the main to be sound 
and convincing. He rebuts the attacks of the extreme sceptics, who doubt 
if it is possible to reconstruct primitive Indo-European conditions from the 
common vocabulary, and he points out truly that the objections urged 
(such as the objection that a common word may be borrowed from the 
same source by all the Ar3ran languages) can apply only to exceptional cases 
and cannot have a general application. Dr. Bender's view is that the original 
home of the Indo-Europeans was in the interior of Lithuania—^the large 
Lithuania of history, not the small modem State. He shows that not only 
is the Lithuanian tongue itself very archaic, but that Lithuania is situated 
on the border between the two great groups of Aryan languages, the " cen¬ 
tum group to the west (Greek, Latin, Keltic, and Germanic) and t^e satem** 
grow to the east (Indo-Iranian, Slavic, etc.). 

Inere is much to be said for the author's conclusions, although of course 
careful correlation of the philological evidence with archaeological and other 
data is necessary. 

A. G. T. 


IVy man Brttain* By R. G. Collingwood, F.S.A. [Pp. xox, with 5X illustra¬ 
tions.] (London; Oxford University Press, 1923. Price 25. 6d. net.) 

Tbis book has been written for those who, though unfamiliar with the subject 
wiA which Mr. Collingwood deals, are nevertheless anxious to learn atout 
the sojourn of the Romans in Britain, and to such this small work may be 
xebommended. The author has described with much lucidity, and aided by 
well-chosen illustrations, the conquest and occupation of this country, and 
has outlined the manner of living, the art, language, and religion in vogue 
during this occupation. Mr. Collingwood holds to the view that, though 
at the time of the original conquest there would have been no difficulty in 
deciding whether any given man was a Briton or a Roman, yet, before the 
end of the occupation, such differentiation would have b^n impossible 
owing, no doubt, largely to the practice of the Romans of intermaxriage with 
the inhabitants of a conquered country. The author is emphatic in his belief 
that the Britons did not remain a subj^t race, held down by a Roman army, 
but became Roman in speech, in habits, and in sentiment. Roman Britain 
is an admirable little book, but exception must be taken to the suggestion, 
on p. S8, that, because of the knowledge of education, and other avU^ 
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things, possessed hythe Romans, a belief in the progx^es of mailUitotpossiblii. 
But, though it could no doubt he easily establish^ that we have progressed 
since Roman times, yet to attempt to form an opinion upon the question ol 
human progress by comparing our present state with that of the quite recent 
Roman period is entirely misleading. To gain an adequate perspective in 
this matter, it is necessary to realise the state of culture of the earliest human 
bein^, existing, probably, 500,000 years ago, and to compare it with that 
existing to-day. 

J. Rxid Moxr. 

Outlines of Palssontology. By H. H. Swinnsrton, D.Sc., F.Z.S., F.G.S. 
[Pp. xii + 420, with 368 illustrations.] (London : Edward Arnold, 
1923. Price 30s. net.) 

Good textbooks dealing with the systematic aspects of palaeontology are 
fairly common, but a comprehensive treatise on general principles has been 
lacking till now. In the present volume Prof. Swinnerton supplies the 

want. 

The method of treatment is determined by the fact that beginners cannot 
appreciate the morphogenetic connotation of systematic designations, even 
when these designations are accompanied by more or less extended diagnoses. 
The author treats the organism as an entity of unit characters, each of which 
has attained a certain stage of development in an evolutions^ series. When 
these characters are studied simultaneously in the genus, or in any systematic 
group whatsoever, it is difficult for the student to cultivate the dynamic 
conception, to avoid regarding the genus as static, or its characters as immu¬ 
table. Accordingly, in each phylum the author traces the evolution of 
the significant structures to their somatic expression in various representative 
genera, each structure having attained its own stage of development in any 
particular genus independently of the others, yet in equilibrium with them, 
to prevent the occurrence of monstrosity. The differentiae separating groups 
of related organisms, such as genera, are thus to be interpreted in terms of 
the differential evolutionary movements of their biochaxacters, the groups 
themselves necessarily takLag their appropriate places in an evolutionary 
plexus. 

In the fourth section of the book, which deals with the Coslentera, the 
author discusses the evolution of the gens Zapphreniis delanouei to illustrate 
the significance of variation and mutation, and Section V is an interesting 
interpolation on genetic a£&nity. The author describes Mendelian experi^ 
mentation, discusses the germ-plasm as the material basis of heredity and 
variation, and describes its physical expression in the soma. The thirtmth, 
and concluding section, treats of the nature of biocharacters and bioseries, 
and discusses the general principles of palingenesis, tachygenesis, etc., whic^ 
have been formulated on observation of the facts studi^ in ^e previous 
sections. 

The book is copiously illustrated, and the figures are all diagrammatic. 
Comparative studies of certain i^enomena are illustrated graphi^y. The 
technique of this method is discussed elsewhere by Prof. Swinnerton, but 
its practical application in this volume is important, because it brinip to 
the notice of students the possibility and desirability of applying in palsomto- 
logy the methods of exact science. 

There are good general and systematic indexes, and a bibliography Of the 
most recent works, carefully selected to form a nucleus of more extenrive 
references. 

A very stimulating book for students, and those interested in the teaching 
ol the subject 

JoBM Wain. 
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Wf iBlTiTit WBOUa 

MIm BwininaMon QoMtloiui and Aiunron. By J. T. Bsaao, C.S.. BJC. 
[Pp. 872.] (New York and l/indon: McGraw-Hill Book Co., 1923. 
Price 37s. 6 d.) 

Thb title of this work is descriptive of its contents, subject to the qualification 
that it is primarily intended to be of assistance to those who are taking State 
examinations for subordinate official positions under the mining xegi^tionB 
of the United States of America. Within these limits it is undoubte^y 
complete, the work including practically 3,000 questions and answers, most 
of the former being drawn from State papers, including some from Cwada, 
while the answers are made as educational as possible. 

To miners having the laudable ambition to rise step by step, it should 
prove of assistance in their preparation for special examinations. Similar 
questions and answers appear in several colliery periodicals, but the advantage 
here is that they are collected and arranged under appropriate headings, 
namely: Air and Gases, Occurrence and ft-operties of Gases, Mine Explo¬ 
sions, Supervision and Inspection, Safety Lamps, Ventilation, Instruments, 
Mine Airways, Circulation of Air in Mine, Mensuration Mechanics, Steam, 
Steam Engines, Hoisting Requirements, Drainage and Pumping, Explosives, 
and Blasting, Geology and l 4 ospecting. Working Seams of Coal, Mine Tim¬ 
bering. At the end there is, in addition, a subject index which will prove 
useful when matters of information, apart from direct questions, are con¬ 
cerned. The book is well got up in three volumes of handy size. 

S. J. Truscott. 

Ibe Domain of natural Science. Being the Gifiord Lectures delivered in 
the University of Aberdeen in 1921 and 1922. By E. W. Hobson, 
Sc.D., LL.D., F.R.S. [Pp. xvi + 510.] (Cambridge: at the Uni¬ 
versity Press. Price 21s. net.) 

This book endeavours to indicate the position which the ** scientific view *• 
of the world should occupy in relation to the ideas of philosophy and religion. 
In pursuance of this end Prof. Hobson has found it necessary to make an 
examination of the historical development, aims, and true characteristics 
of various departments of natural science, with a view to the characterisa¬ 
tion of the proper position of natural science in relation to thought in general. 
He has sought to demonstrate, throughout the book, that natural science 
is in no way concerned with questions as to the nature of reality, or with 
efikient causation; but his arguments are not always very convincing. 

C. C. R. 

flia Boys* Own Book of Sdenoe. By Lloyd L. Darrow, [Pp. 3x5. 
Index, with 24 illustrations.] (New York: The Macmillan Company. 
Price xs. 6i. net.) 

It is difficult to place this book for British use. The author has deslgtied 
it lor the host of bo3r8 who wish to experiment at home. The bulk of our 
boys have not the means to acquire the apparatus or materials required lor 
the experiments chosen, most of which are chemical. Further, the eiqpori- 
ments are not arranged at all from an educative point of view, the idea ol 
magic being indulged in hreely, such as: freezing water by magic (crystallisa¬ 
tion). Changing wine to water (the bleaching of permanganate cd potash). 

w the other hand, as the author says, this work mav well be a source of 
experimental hints for teachers, seeking lecture and laboratory demonstra- 
tiotts of chemical principles. 

W. C. B. 
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AoomUei ol BoOdiiigi* By F. R. Watson, Professor of Experlmeiitsl 
Physics in the University of Illinois, viii + I55. with illos** 

trations.] (New York; John Wiley Sc ^ns; London: Chapman 
Sc Hall, 1923. Price 155. net.) 

This is the first book on Architectural Acoustics since the pioneer work 
ol the late Prof. W. C. Sabine was carried out. It is written as a guide to 
architects and builders both in the correction of acoustic difOlculties in 
building^ already complete", and in their avoidance in the construction ol 
new buildings. To tMs end theory and mathematical formulas are not 
dwelt on at length, but the results ol experimental tests are set forth in 
detail. Many numerical examples are worked out in illustration of the 
principles. 

The book is divided into three main sections, the first being introductory 
and the second and third dealing respectively with the acoustics of the 
auditorium and the sound-proofing of buildings. In Part II an ac^unt 
is given of Sabine’s work, and there is a useful table of absorption coefficients. 
Materials are in some instances specified only by their American trade- 
names, e,g. ” Insulite,” “ Celotex ”; the latter is now available for use in 
Britain. From the conditions prevailing in halls that have a good acoustic 
reputation the author plots curves showing the desirable reverberation 
period in rooms of difierent sizes used exclusively for music, and also for 
halls used for music and speaking. How far it is advantageous to reduce 
the period in a hall used exclusively for speech is not discussed. Considera¬ 
tion is also given to the question of the comparative loudnesses of sources 
desirable in different sizes of auditorium, and the author concludes that 
the number of instruments in an orchestra should, ideally, be varied. The 
ear, however, is able to perceive sound over a considerable range of in¬ 
tensity. The section concludes with curves and tables for various halls of 
different types which have been satisfactorily designed or corrected, and it 
should be useful as a general guide. The information regarding the effect 
of varying the shape of the room is not so complete as it might be. 

Part III discusses the results of experimental tests and practical appli¬ 
cations of these in the sound-proofing of rooms and buildings. Experience 
shows that escape or entry of sound is usually greatest through ventilation 
ducts and similar openings, and that, unless special precautions are taken 
here, it is useless to arrange for special walls and doors. Next in order of 
magnitude is the sound transmitted by tHe vibration of walls as a whole, 
and rigidity of partitions is therefore of prime importance. Very little sound 
is transmitted in elastic waves through the material of a partition. This 
section embodies the results of the author’s own experimental work and 
practical experience and gives a great deal of valuable information. 

On the whole, the book is exceedingly useful, as it collects and arranges 
Information that has hitherto been scattered in papers not easily accessible 
and seldom arranged to give the architect the practical assistance he requires. 
The type and paper are good, and the book will doubtless be widely read. 
The pdee is a little high. 

G. A. S. 


Stadias In Bfohitlon and Euganlof. By Prof. S. J. Holmbs. [Pp. vi + 
261.] (New York; Harcourt, Brace Sc Co.) 

The chief defect of this book is its lack of cohesion ; indeed, it makes no 
claim to it, since it represents " some of the peculiar interests of the writer 
which have grown out of several years of occupation with the fiel(te of here¬ 
dity, evolution, and eugenics.” 

Mbit of the discussions make interesting reading, but have but little 
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a«w matter in them, and perhaps the most instructive part of the book is 
concerned with three problems which are ever important to the American 
—namely, the problems of immigration, racial mixture, and the negro. 

Prof, Holmes takes the view which is common enough with most Ameri* 
can thinkers, who see with alarm the swampipg of the native stock by hordes 
of immigrants, often of a low t3npo of culture. He advocates increased 
restrictions on the more undesirable type of immigrant, and it is not for 
us to say whether the policy he desires is right or wrong. 

On the question of race mixture he is cautious. He does not encourage 
mixture on the ground that not enough is yet known about the effects of 
such mixture, but he does not categorically denounce all cro8s*bred races 
on account of degeneracy. And similarly, in the case of the negro, he 
neither predicts the swamping of the whites in America nor the rapid ex¬ 
tinction of the negro through natural causes; but he admits that the negro’s 
prospects are not good. 


Elements ol Oraphio Statios, By C. W. Hudson, C.E., and E. J. Squirb, 
C.E. [I^. viii + 91.] (London: McGraw-Hill ihiblishing Co., 1923. 
Price 6s. 3d. net.) 

The authors state that their wish is to present the elementary p^ciples 
of Graphic Statics in a form adapted particularly to the needs of engineering 
students, and more especially for those working under the guidance of a 
teacher. 

The matter is very condensed both as regards text and diagrams, and 
an elementary student working unaided would probably find it rather diffi¬ 
cult reading. 

The usual fundamental constructions are given, and there are a number 
of excellent worked examples scattered through the text. Special atten¬ 
tion is paid to the problem of the masonry arch. 

There are two matters of convention in which the book is not quite in 
line vrith the modem British treatment. In the one case, moments are 
expressed in foot-pounds instead of pound feet; and in the other, the forces 
in the bars of a structure are called stresses, which term is better reserved 
for forces per unit area. 

For students who either have help or are revising the subject quickly 
it is a useful little work. 

H. T. D. 


Aniljftical Ueroioopy. Its Aims and Methods. By T. £. Walus, B.Sc. 
[Pp, viii + 179, with 75 figures.] (London: Edward Arnold & Co., 
1923, Price 65.) 

’’ The Public Analyst, the Analyst in general consulting practice, and the 
Pharmacist frequently meet with problems which can onlv be satisfactorily 
and completely solved by a skilled use of microscopical methods.** The 
preface ox this book commences with this statement, and it is not any exag¬ 
geration to say that it might equally well refer to any work on applied 
microscopy. 

Unfortunately the skilled use of microscopical methods is not common in 
any branch of sdenoe, nor does it appear to be realised that much training is 
required for this to be attained. Not only is some knowledge necessary of 
the optical m^dples involved if the instrument is to be used at its best, but 
expenence is essential to avoid errors of interpretation. The book under 
"notice deals with a branch of study that has many difficulties peculiar to it, 
but it can hardly be said that these are fully dealt with, without some 
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further instruction than is provided on the use of the microsooM« any diemist 
or analyst would not advance far, but perhaps it is assumed that some other 
treatise would be at hand to provide more detailed information. The method 
of illumination, for instance, commonly referred to as Critical/' is, judging 
from his description of it, apparently not understood by the author. 

The book is mainly devoted to the description of methods of preparation 
of material for observation, and in this respect it fulfils its purpose. The 
chapters on sedimentation and centrifugation, and on elutriation, are good. 
As an example, the section dealing with the examination of water is very 
fully illustrated and shows the various forms of life likely to be encountered. 
Quantitative microscopy is treated briefly, but sufificiently well for a novice 
to understand its intention. A bibliography is added which covers nearly 
all branches of the subject, and forms a valuable addition to a book of this 
character. 

J. E. B. 


EleoMoil Hsaioring Instruments and Snpply Meters. By D. J. Bolton, 
B.Sc., A.M.I.E.E. [Pp. xvi + 328, with x8o figures.] (London; 
Chapman <St Hall, 1923. Price 125. 6d. net.) 

A COMPRBHBNSIVB work of the " Directly Useful" series covering a ve^ 
wide field, and passing from a consideration of moving iron, moving coil, 
dynamometer, and kindred apparatus to the standardisation apparatus in 
general use. Supply meters are treated very fully, and commercial testing 
sets and pyrometers are included in the field covered. 

The relative advantages of the various types are discussed, and design 
compared from electrical, mechanical, and imancial points of view, having 
due regard to the limitations of principle. 

Numerous lino-drawings and half-tone plates accompany the descriptive 
matter, and illustrate typical examples of modem practice. 

In a publication devoting considerable space to supply meters, the 
omission of a detailed description of a pre-pa3nnent meter calls for comment, 
while the kathode-ray oscillograph described does not represent the latest 
practice. 

The first edition of a work embracing such a wide field inevitably includes 
minor imperfections, and occasional inconvenience is caused by illustrations 
not being on pages facing the descriptive matter. The frequent insertion of 
remarks in parentheses is also a drawback. 

From the practical man's point of view the volume has a great deal to 
recommend it in that it fills the gap usually found between the extremes of 
a descriptive catalogue conveying no information as to the design, and the 
purely theoretical work in whiw treatment is too involved for ready reference. 

A. N. Jackson. 


Oarkief de Formes HnUMes* on Fi?oraUss I lenrs Qrandss Vttsisss; si 
BMstsaoss da VSma d lens Traaslstton. Par M. le Vice-Amiral 
F.-E. Fournier. [Pp. 27.] (Paris: Gauthier-Villars et Cie., 1923. 
Price 3.50 frs.) 

This is really a " paper " rather than a book," since it deals with a definite 
restricted topic in a purely technical manner. Its object is to discuss which 
forms of boats are suitable for high-speed motion and which are definitely 
unsuited to this purpose; the author also explains how tlM distinction 
between the two types arises. Starting off with a formula giving the re¬ 
sistance as proportional to the square of the velocity multiplied by a factor 
^ depending on the velocity and on the shape of the hull, M. Fournier 
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derives from model experiments carried out in Paris, empirical formulae 
lor ^ under various conditions of shape and speed. Assuming that the 
hull has no cylindrical portion and that the longitudinal section is rect¬ 
angular, he shows that for velocities greater than a certain critical velocity 
(denned for a given shape and size), ^ increases to infinity as the velocity 
increases to izi^ty for some vessels, and increases to a maximum and 
then tends to a finite a83nnptotic value for other vessels. The former are 
not suited to quick motion, while the latter can be used for high speeds. 

As explaining the difierence between those two categories, M. Fournier 
considers the waves that accompany the ship, due to a sort of piling-up of 
water by the front part of the vessel. In the forms unsuited to quick 
motion we get a double wave, one at the bow and one at the stem, with 
water piled up right in front. As the shape becomes more favourable to 
high speeds, the piled-up water recedes backv^ds, until in the really 
favourable ship there is only one wave accompanying the vessel, at about 
amidships. In this last case the longitudinal direction of the ship is changed, 
so that It points upwards, out of the water. 

S. B, 

The Numeral Words: their Origin, Meaning, History, and Lesson. By 

Marius db Villiers, M.A., LL.B. [I^. 124.] (London; H, F. 

& G. Witherby, and Cape Town, 1923. Price 4s. 6 d. net.) 

Thb author's frank admission that what he brings forward as new does 
not claim to be matter of certain knowledge, but of probability, enhances 
the readableness of this treatise, which professional philologists should welcome 
as testifying to a sustained interest in their pursuits. Extensive study of 
ways of counting among some of the less civilised peoples has led the author 
to believe in a similar origin for the Indo-European numeral words, and it 
is ingeniously argued that the numerals one to ten originally meant, in order, 
This, That, Yon, Hand loss one, Whole hand, Three-three, Three off two- 
hands, Two off two-hands. One off two-hands. Two hands. The fimal chap¬ 
ters give much information on the representation of the numerals by figures, 
and on words derived from the numerals, and in conclusion evidence is 
found that language is a thing of purely human invention, brought to such 
perfection as it can claim by human means, through a long period of pro¬ 
gressive growth. 

One remark on terminology. The Oxford English Dictionary (O.E.D. ■■ 
N.E.D.) shows that " Indo-European, ** the term generally preferred by 
French and Scandinavian scholars (e.g, Moillet, Noreen), was introduced by 
Dr. Thomas Young in 18x4, while Klaproth's ** Indogermanisch,'' much 
employed at present in the propagation of confusion and false doctrine, 
came into existence in 2823. The Germans at that time did not realise, 
as Young had done, that Celtic was a member of the family. In adopting 
the German substitute, Indo-Germanic," Mr. de Villiers does but follow 
the lead of numerous works in English, by writers who ought to know better, 

W. Pbrrbtt. 
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